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INTRODUCTION

Nuclear weapons may produce significant levels of
undesired damage collateral to achieving the decired effects on
the enemy. This collateral damage, which will be defined later in
more detail, is broadly taken to mean any form of undesired
damage including civilian casualties and damage to the civilian
infrastructure.” The type and degree of collateral damage pro-
duced by nuclear weapons depends on many factors including the
proximity of civilian populations to target areas, the popula-
tion sheltering available, the amount of warning, civil defense
actions, the type and yield of weapons, the weapon height-of-
burst, etc.

This is an interim report on collateral damage. The
emphasis of this report is on civilian casualties produced by
prompt weapon effects, and it summarizes the results obtained
under Defense Nuclear Agency contracts DNA0Q1-76-C-0039 and
DNAOQ1-77-C-0081.

PURPOSE OF REFORT

The objective of this report is to be a resource on
phenomena related to collateral damage produced by nuclear
weapons. It is complementary to a report prepared by Science
Applications, Inc., on collateral damage produced by conventional
weapons (Ref. 1.1) which was compiled under a separate effort
for the Defense Nuclear Agency, contracts DNAQOL1-76-C-0085,
Subtask 4 and DNAOO1-76-C-0039, Amendment P00OOL.

This report is not intended to be a weapon empleyment
planner's manual. Rather, one of its prime purposes it to serve

as a consistent data base for selection of casualty criteria \Q
and uncertainty information to be incorporated into such manuals
and to assist in establishing collateral damage guidelines N
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related to the employment of nuclear weapons. The Defense
Nuclear Agency sponsored an effort to develop recommendations for
such guidelines, i.e., the Nuclear Effects Damage Assessment
Guidelines Working Group (NEDAG) (Ref. 1.2)
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This report contains the results of a comprehensive
analysis of the uncertainties related to the effects of nuclear
weapons on personnel. The results indicate which of the uncer-
tainties and/or normal variations are the most important with
respect tc the ability to accurately predict collateral damage.
Certain of these important uncertainties can be reduced by
additional experimental and/or analytical effort. This report
identifies those areas where additional efforts would have a
significant impact on reducing uncertainties.

1.2 TYPES OF COLLATERAL 0AMAGE

As is well known, nuclear weapons produce a varic:y of
effects. These can create various forms of direct and indirect
damage to civilians and civilian structures. Considering the
damage produced by the prompt effects of nuclear weapons, some
forms of damage are obvious and immediate (civilians killed
outright, structures damaged, etc.) while other forms are not
so obvious and may become apparent weeks after the attack (damage
to the iufrastructure, e.g , degraded health-care systems which
may increase the fatality rate for thosa seriously injured).
Still cvher forms of damage may occur years after the attack
(e.g., life-shortening effects such as increased incidence of
cancer).

A convenient way to classify collateral damage is to
divide it into two categories. health effects and property
damage. Health effects are direct effects on the untargeted
population including fatalities, injuries and long-term effects

—

produced by nuclear weapons. Property damage would include

structural damage such as residences (houses, apartment:,
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hotels, etc.), public buildings (schools, churches, libraries,
museums, etc.), historic structures, commercial industrial and
government buildings. Property damage would also include dam-
age to health-care faciliries (hospitals, clinics, ete.), utility
facilities (electric power, gas, water, sanitation, etc.),
transportation facilities and structures (roads, bridges, ter-
minals, etc.), as well as damage to croplands and wildlands

that directly or indirectly impact upon the health and well-
being of the affected population. The list of items for poten-
tial property damage is very extensive.

Another way to examine collateral damage is to deter-
mine how nuclear weapons affect the "infrastructure” The infra-
structure may be thought of as being a complicated network of
interrelated socio-econromic systems such as the health-care sys-

tem, law-enforcement system, etc. Such systems are made up of
organized groups of people (frequently trained personnel),
facilities., and material Damage to these systems can be assessed

in terms of property damage, financial impact, as well as the
direct impact on the population such as aggravating health effects.
Examples of such systems are given below.
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® Health care systems (hospitals, clinics, personnel,
supplies)

Sanitation systems (sewers, treatment plants, trash
and garbage removal}.

Warer supply systems (wells, reservoirs, water lines,
treatment piants).

. Electric power systems (power plants, transmission
grids, transformer stations).

. Natural gas systewms (plants, booster statioms, gas
lines).




Communication systems (radio/TV stations, telephone
lines and distribution facilities).

Food supply systems (crops in-the-field, unprocessed
commodities, processed foods in storage).

Fire-fighting systems (facilities, equipment, person-
nel, supplies).

Law enforcement systers (facilities, equipment, per-
sonnel, supplies).

Emergency control systems (Civil Defense, communica-
tions, etc.).

Transportation systems (rail systems, road systems,
public transportation systems, air travel systems).

Financial systems (banks, money supplies, etc.).

Consumer goods supply systems (warehouses, stores,
manufacturing facilities).

1.3 EMPHASIS OF COMPLETED ANALYSIS

The analysis performed during the initial phase of
this effort was devoted to early-time casualties (fatalities,
injuries, and threshold effects) which manifest themselves
within 50 days and result from the prompt environment of nuclear
weapons. The primary casualty producing effects include radi-
ation sickness (from the ionizing radiation of prompt gamma rays,
prompt neutrons, air-secondary gamma rays and fission-product
gamma rays), airblast injury (produced by the direct effects
on body organs, the secondary effects of debris and missile
impact on the body and the tertiary effects of whole body
translation and impact), and thermal burns (from direct thermal
radiation and fires).

A detailed analysis was made of the uncertainties re-
lated to weapon-produced a2nvironment on the exposed personnel.
This analysis included uncertainties and normal variations of
weapon output characteristics, the free-field enviroaments
(initial wuclear radiation, airblast, and thermal radiation),
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and modifications to these environments due to atmospheric effects
(e.g., weather), terrain effects and structural effects. Also,
uncertainties and variations in personnel response to the indi-
vidual weapon environments were compiled.

A methodology was developed for assessing the impact
of the uncertainties and to generate damage functions for per-
sonnel in various sheltering conditions. This methodology also
provides estimates of the confidence levels for the damage func-
tions. Monte Carlo techniques were used to obtain both the dam-
age functions as well as their confidence levels.

APPROACH

The approach to this program is summarized in
Figure 1.1. A survey was made of previous research and analysis
on the effects ot nuclear weapons on personnel. This included
research sponsored by many governmént agencies including sig-
nificant programs sponsored by the Defense Nuclear Agency and
the Defense Civil Prenaredness Agency. The results of this sur-
vey and a compilation of biomedical effects of nuclear weapons
are given below in Section 5

One of the objectives was to identify low probability
phenomena which may be important at large distances from the
burst point, i.c., phenomena which may have been ignored in pre-
vious personnel criteria analysis but none-the-less could be an
important contributor to casualty production at large ranges. If
such effects are responsible for one- to ten-percent casualty
nrobabilities, at large ranges, it could be significant from a
cellateral damage vicwpoint.

During the early stages of the current effort, one such

phenomena was identified which warrented a separate task con-
ducted during the current research period. i.e., fires produced
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by nuclear weapons and the casualties resulting from people being
burned or overcome by smoke and toxic combustion gases. A small
analysis effort was performed on the impact of fires on casualty
production. The results of this effort are given in Section 4.3
of this report.

An assessment was made of the inherent uncertainties

and the normal variations which are present in the nuclear weapon
effects data and the casualty response data. Basically, these
data were obtained from the survey of biomedical responses and
DNA summaries of weapon test results. However, the most valuable
information on these uncertainties was obtained from the experts
in the field. The uncertainties related to weapon output and
environments are given in Section 3 and those related to shel-
tering characteristics are given in Section 4 and in Section 5

for personnel response.

Y I

The set of damage functions is the basic part of any
methodology for predicting the probability of damage produced by
nuclear weapons. Figure 1.2 shows a typical representation of
a damage function for casualty predictions. These functions
are generally very specifie, e.g., the probability as a function
of range that a stated level of damage will be produced by a

T e m— N S o T —

warhead of a given type and yield when detonated at a given 3
height-of-burst. §

The damage function can be represented in a closed é
analytic form (e.g., the complement of the cumulative lognormai b
function) or a generalized form (e.g., pointwise in range). f
It may be explicit (e.g., AP-350 methodology) or implicit (e.g., g
FM101-31 methodology). %

Confidence limits, as shown in Figure 1.2, are nct now g
incorporated into any of the standard damage methodologies. 2
The current methodologies use safe-sided criteria, if required, ' g

to achieve the degree of assurance required in weapon employment
planning.
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The approach used in this analysis was to assess the
uncertainties and variations in the weapon effects data. This
is shown schematically in Figure 1.3 where the uncertainty analy-
sis starts with the source and continues with the uncertainties
in free-field weapon environments and the additional uncertain-
ties caused by envircnment modifications, the uncertainties in
sheltering characteristics, and finally the uncertainties in
personnel response to the weapon environments.

The parameters which represent the various unrertain-
ties are numerous, complex, and interdependent. A Monte Carlo
procedure was developed for performing error propagation analy-
sis. This is shown schematically in Figure 1.4. Details of the
procedure are given in Section 6 of this report.

The results of the analysis procedure are 1) the damage
function for a specific set of conditions (the weapon environments
are folded with the response function) and 2) the confidence
estimates for the damage function. An example of the various
individual contributions to the damage function is shown in
Figure 1.5, and the combined (final) damage function is shown

[

in Figure 1.6 along with the 90-percent confidence limits.
This figure also shown a comparison between the results of our
current work and damage functions obtained from AP-550 data (two
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2. POTENTIAL SOURCES OF PERSONNEL CASUALTIES

The varied phenomena produced by nuclear weapons manifest
themselves by producing different forms of damage. Table 2.1
summarizes some of the important types of damage produced by
nuclear weapons and the energy componeat which is the primary
cause of the damwage.

The relative importance of these various energy com-
ponents changes with weapon yield. Initial nuclear radiation is
usually the dominant personnel casualty-producing mechanism for
low-yield weapons (sl KT), while airblast and thermal radiation
effects are usually the dominant causes of personnel casualties
for higher-yield weapons (3 30 KT). Figure 2.1 shows the ranges
of selected weapon environment levels of interest for collateral
damage produced by low-yield weapons detonated at a 200-ft:/K'1‘1/3
scaled height-of-burst. For example, this figure shows that, for
people in the open (no protection from any weapon effects), the
range to 150 rads is larger than the range to 2 cal/cm2 for all
weapon yields below about 1 KT.

It is important to recognize that when weapon effects
vulnerability levels are stated, they are, in reality, indexed to
a single aspect of the weapon phenomena, e.g., damage levels for
airblast-sensitive objects are indexed to either the peak over-
pressure or the peak dynamic pressure. Vulnerability values (e.g..
10 psi to produce a given damage level) frequently change as a
function of weapon yield. Peak overpressure levels for specific
airblast effects tend to decrease with increasing yield (due to
the increased impulse resulting from increased pulse lengths),
and radiance levels (cal/cm”) for specific thermal radiation
effects tend to increase with yield (again due to the inc¢reased
thermal pulse length which results in decreased temperature rises
due to thermal conduction).
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Table 2.1. Types of damage.

N b d VN

¥ s

Energy Component Type of Damage

Airblast Personnel fatalities and injuries

(direct and indirect airblast
effects)

Structural and equipment damage

Nuclear Radiation Personnel fatalities and injuries
Creation of contaminated areas

Thermal Radiation Personnel fatalities and injuries

Fires (structures, croplands and
wildlands)

Damage to Command, Control and
Communication Systems

Ground Shock Underground shelters

Underground services (waterlines,
gaslines, etec.)
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Essentially all of the nuclear radiation produced by
airburst weapons is emitted within one minute (the defined time
limits of "initial" nuclear radiation) independent of weapon
yield. The human body is not sensitive to variations in time-of-
exposures for time periods less than one minute. However, it can
recover to some extent from radiation exposures if the exposure
is received over a much longer time period (days) or is given
in pulses separated in time. Therefore, all radiation exposures
experienced by an individual within a time period of about one
day need to be added before any prediction of the consequences
can be made.

In this section, the personnel casualty mechanisms con-
sidered thus far are described briefly. A detailed discussion
and numerical values for casualty criteria are presenced in

Section 5.

2.1 NUCLEAR RADIATION EFFECTS

As was stated earlier and shown in Figure 2.1, nuclear
radiation is the dominant cause of casualties for low-yield
nuclear weapons. This is basically true regardless of the type
cf radiation protection provided by most shelters.

Radiation effects on man may be categorized in a number
of different ways. Some have proposed dividing the effects
into "somatic" and ''genetic" effects, where somatic effects
appear in the individual irradizted and genetic only in sub-
sequent progeny. Somatic effects can be subdivided into early
(< 60 days) and late effects and each effect further categorized
as shown in Table 2.2.

Only three of these effects will be considered in our
present assessment of collateral damage: prodromal response,
hemotological depression and early lethality. These are to be
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Table 2.2. Somatic effects.

Early Effects

o Skin - erythema and moist desquamation

Prodromal response (radiation sickness)

- gastrointestinal (anorexia, nausea,
vomiting, diarrhea, intestinal cramps,
salivation, dehydration and weight loss)

neuromuscular (easy fatigability, apathy

or listlessness, sweating, fever, headache,

and hypotension followed by hypotensive
shock)

Hematological depression

Early lethality

Decreased fertility and increased stexility

Late Effects

Permanent or delayed skin changes
Increased incidence of cataract

Increased incidence of leukemia and other
neoplastic disease
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considered within the following injury hierarchy:
e Non-apparent or latent injuries usually long-term
or genetic (not considered here as noted above),

e apparent (symptom} injuries not serious enough to
require iutervertion by anothex individual,

o burdening injuries which reguire aid from another
individual, especially the health-care system, and

@ lethal injuries.

Both apparent and lethal injuries have definitive symp-
toms and end-points, whereas a burdening level is quite diffi-
cult to define but is of immense importance because of the impli-
cations it makes on the quantity of health care necessary to
support the individuals irradiated.

There are large errors associated with prediction of
casualties due to radiation. Ninety percent confidence limits
for predictions of the free-fieid dose are about +35% at one
kilometer, and are about + 50% for the doses associated with
particular radiation responses of man. However, the large un-
certainties (order of factor of three) in radiation protection
factors dominate those given above for typical structures. Addi-
tional analysis of radiation protection factors appropriate for
specific arcas of interest would reduce these uncertainties.
However, since nuclear radiation decreases approximately a
factor of two for each additional 100 meters of range, large
uncertainties in exposure response and protection do not result

in large range uncertainties.

2.2 THERMAL RADIATION EFFECTS

Thermal radiation effects can be an important factor in
casualty produccion for those individuals directly exposed to

the fireball. Simple avoidance procedures and protection can sig-

nificantly reduce the consequences of thermal radiation effects.
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Our present study is limited to acute effects over a £
relacively short time (< 60 days). Long-term disabilities and E
treatment (skin grafts, etc.) extending over years may be equally

important in considering the entire extent of the collateral dam-
age picture. Moreover, we shall only consider here the effects
produced by direct exposure to thermal radiation, viz. flash
burns and flame, or contact, burns through clothing; casualties

caused by fires ignited by nuclear weapons are discussed in *
Section 4.3.

2 2%

ek

The extent and se&erity of flash burns depends directly
on the total amount of the thermal radiation actually received
or transmitted to the skin, its duration and, to some extent,
its frequency spectrum. Individuals burned will receive a mix- '

ture of burn degrees, thus complicating the degree of serious-
ness of the burnms.
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There are numerous other factors involved in developing
casualty criteria for thermal radiation, such as.

i
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¢ Burn area (percent of body area)
Mixture of different burn degrees

Age dependence

Part of body burned

Clothing type (varies with time of year)
. Skin condition (color and temperature).

oy o
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Very modest sheltering provides adequate protection from
thermal radiation, therefore, the probability of exposure is the
important factor for those individuals in built-up areas and
in houses. There is a finite chance of exposure through winlows
and other openings for people in aboveground portions of residences
and other structures. The grobability of expcsure for these con-
ditions is very uncertain, but an operational assumption of 5 tc
10% probability of being exposed may be appropriate.

2-7
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The 90% confidence limits for free-field thermal radiation
exposure uncertainties are about + 35%. However, this is small
compared to the combined uncextainties for personnel exposure and
response, about a factor of three (at 90% confidence). Therefore,

the probability of exposure and personnel response dominate the

overall uncertainty.

2.3 DIRECT AND INDIRECT AIRBLAST EFFECTS

i Although airblast effects produced by nuclear weapons
* are similar to those produced by conventional explosives, these
effects are somewhat more difficult toc analyze; and the casualty

F criteria generally have larger uncertainties than do those for
; nuclear radiation or thermal radiation. Table 2.3 summarizes ¢’
- the basic damage mechanisms produced by airblast. 3
3 é
fi Table 2.3. Airblast damage mechanisms. P
g Category Mechanism :
Q Primary Direct effect on body organs E
Lt (lungs, eardrums, etc.) f
2 . 3
; Secondary Impact of energized debris and 3
H missileas (pieces of structures, stones, }
glass) 7
Tertiary Whole-body translation (with and E
without impact of body with rigid A
object). E

Primary Airblast Effects. As the blast wave en-
gulfs the body, movement of different tissue masses causes
shear waves to be generated which accelerate parts of the same
organ to different velocities. As a result, tears or ruptures

Gas-filled organs axe especially susceptible to this dam-
As the lung tissue

AL oncur.
age, with lungs beirg of greatest concern.
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is disorganized, fat and air emboli can enter pulmonary veins.
These emboli, in turn, can lead to further damage or death to an

organism via coronary or cerebral damage.

Although most of the body organs are susceptible to direct
airblast effects, damage to the lungs tends to domnate fatali-
ties and burdening injuries. The vulnerability of lungs to air-
blast effects is strongly dependent on orientational and positional |
factors (parallel or perpendicular to the blast wave and proximity
to a blast-wave reflecting surface) as well as the pulse rise
time and is weakly dependent on weapon yield (pulse length).

Secondary Airblast Effects. These effects include in-
juries and fatalities caused by the impact of energized debris
(building and other structural fragments and missiles) lofted
by the blast waves. They also include casualties resulting from
structural failure of shelters (houses, basements, etc.). Second-
ary airblast ecffects are often the dominant airblast-related
effects for people in or near unhardened structures.

Glass fragments created by the blast wave are one of the
most serious missile hazards for low-yield nuclear weapons. How-
ever, glass fragments are highly directional, and thus only a
small porticn of rooms will be subject to these hazards (even
though glass fragments may be found on any part of the floor after
the explosion, the fragments which have a significant probability
of causing serious wounds are very directional). Glass fragments
are rapidly accelerated, and the casualty criteria for this hazard
are thus relatively insensitive to the blast-wave duration (or

weapon yield).

The criteria for hazards from other types of blast-
energized missiles are highly variable, depending on missile size,
shape, velocity, and region of body struck. For example, missiles

of the same mass but different shape may vary in potential casu-
alty production by a factor of three or more in their impact ve-
locities. ;
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fertiary Airblast Effects. Whole-body translation of the
human body due to blast-wind loading is termed a tertiary effect.

This can result in the body being translated and then coming to
rest by means of either a sudden impact or decelerative tumbling.
If blast winds are sufficiently strong, the subject can be com-
pletely airbofne for a brief period of time. The rate at which
the subject loses kinetic energy is directly related to the prob-
ability of casualty. For this reason, decelerative tumbling or
impact with a yielding surface presents the subject with the
greatest probability of survival. The orientation of the body
prior to arrival of the drag forces greatly affects the body
motion produced.

Uncertainties. Uncertainties in personnel response to
airblast effects are highly dependent on the type of shelter. For
people in the open, direct effects (lung damage and eardrum rup-
ture) and translation effects will dominate airblast injuries. As
indicated, both translation effects and direct effects are very

sengitive to body orientational and positional factors. For trans-

lation and impact with a flat, rigid object within about 10 feet
of body travel, the uncertainty in a specific personnel response
is about + 50% in peak overpressure for a 90% confidence. For
an individual located close to a reflecting surface, the uncer-
tainty in personnel response tc direct effects is about + 40% for
a 90% confidence.

For people located in aboveé;ound portions of structures
or in residential basements, the dominant damage mechanism re-
sults from structural failure and accompanying debris. This
effect is very sensitive to the type of structure and the modes
of failure. Therefore, the uncertainty in this effect is pri-
marily due to the variaticn in types of structures and their
dynamic breakup behavior more so than the understanding of basic
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biomedical effects. Until additional analysis has been performed

on the different types of structures which may be located in tar-
get areas, subjected to a loading characteristic of the airblast

from low-yield weapons, the uncertainties in the casualty cri-
teria for this effect must be taken to be fairly large. Present '
estimates of these uncertainties for 90% confidence are about a

factor of two or three in peak overpressure for injuries and
fatalities.

2.4 COMBINED INJURIES

Casuvalty probabilities Py from different effects (air-
thermal radiation, and the total ionizing radiation) are
customarily combined as independent phenomena, viz. the total
casualty probability is P; . = 1 - (1-P;). Any different com-
bination of casualty probabilities is termed a "combined injury
effect". These include both “synergistic" effects, P > P,

blast,

ind> and
antagonistic" effects, P < Pind' where one trauma either lowers
or increases resistance to another trauma. A very brief review
of animal experiments was made in an attempt to estimate the pos-
sible consequences of synergistic effects on fatality predictions

for effects separated by short time intervals (< 1 day).

The biomedical data examined were not satisfyingly con-
sistent, and two trial algorithms, believed to bracket most of

the data, were adopted for synergistically combining fatality
% probabilities from different effects:

a "pessimistic” (high
fatality) combination and an “optimistic" (low fatality) combina-
tion. These two algorithms were then used to calculate the fatal-

ity probability vs. ground range for one burst and shelter situa-

tion of interest; and the results were compared to those obtained
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with the usual, independent combination algorithm. For the
particular burst/shelter condition examined, the "pessimistic"
synergistic combination results in significantly higher fatality
probabilities at the larger ground ranges than the upper 90%
confidence limit of the independent combination. Additional
research is required on combined effects to determine whether

or not they should be considered in casuvalty assessments.

NS

e WY nl RA AL

T

o vy e Ty 4y

i 2-12

t,}gw. P . ’ v “,\

N - -y
Lo e
; il -
o 3 e
X W BN ;"‘ “{:k“‘? 5 . '
NFONET Ty D) o e i

- - s
e s R ” Yy



s 2n g

2 e 4
29 M e AL

X8

e .

s T OPAN T &

o, L.

3. WEAPON ENVIRONMENTS AND RELATED UNCERTAINTIES

This section contains a summary of the weapon environ-
ments and their uncertainties that are related to casualty
effects. The weapon environments considered in the current
analysis includes those produced by low-air bursts, i.e., at
an altitude that precludes early-time fallout and significant
levels of delayed radiation from activated surface materials,
This altitude was considered to be at least a scaled height-
of-burst of 180 feet/KT™/> (Ref. 3.1).

The weapon environments considered in this analysis in-
cluded initial nuclear radiation (that radiation emitted within
the first minute after the burst), airblast (with primary em-
phasis on peak overpressure) and thermal radiation. Nuclear
radiation included prompt neutrons and gamma rays as well as
secondary gamma rays (induced in the air. ground and structures).

Results from weapon environment physics computer codes
in conjunction with experiemntal data are used to generate state-
of-the-art prediction of weapon environments. Often these state-
of-the-art results are modeled and incorporated into a fast-
running, easy-to-use systems code for analysis of weapon effects.
This modeling introduces an additional level of uncertainty in
calculated environments which must be distinguished from the un-
certainties associated with methods used for state-of-the-art
physics predictions. For example, the uncertainties result from
the Monte Carlo code, MORSE (Ref. 3.2) for nuclear radiation
transport problem are different than the uncertainties associ-
ated with the use of the analyst model code, ATR (Ref. 3.3).
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The uncertainty analysis discussed here is based on state-
of-the-art predictions of weapon environments when possible or
practical. Estimates will be presented, in certain instances,
of the additional uncertainty in going from state-of-the-art to

system models.

The output produced by nuclear weapons can vary from oné
warhead type to another. One could, with considerable difficulty,
obtain uncertainties in weapon environments for all of the wea-
pons in stockpile. We have not done this; we have assessed the
uncertainties in environments for warhead classes, i.e., the main
classes as described in EM-1 (Ref. 3.1). We have attempted to
identify cases where the uncertainties for particular weapons are
considerably different.

The weapon yield uncertainty (total energy output) is com-
mon to all of the weapon environments. There are a number of
factors which influence the yield uncertainties including random
errors rolated to material tolerances and impurities and to vari-
ations in the assembly. There may be non-random variations due
to design characteristics. Bias errors or additional random
errors may result from limited testing of the device type or
weaponized system.

The uncertainty in weapon yield, for those warheads that
are within a given class, is not generally a significant factor
in casualty prediction. This uncertainty is typically less than
than 157 (20 - two standard deviations).

3.1 INITIAL LUCLEAR RADIATION

The most important aspects of initial nuclear radiation
for collateral damage assessment are those properties which pro-
duce free-field radiation exposures in the range from a few to
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about 10,000 rads (free~in-air tissue kerma or bone marrow
dose). For a one~kiloton weapon, the ground range of interest
is from about 0.5 to 2.0 km. This means that the most important
aspects are the initial characteristics of the nuclear radiation
output, the generation of secondary gamma rays by the interaction
of neutrons with oxygen, nitrogen and hydrogen in air and the
radiation transport of neutrons and gamma rays through signifi-
cant distances in the atmosphere. The effects of the air/
ground interface, structures and other shielding materials on
both the radiation transport and secondary gamma-ray generation
are also significant.

3.1.1 Uncertainty Parameters Considered

Estimates of nuclear radiation-related phenomena, such as
dose, are primarily based on theoretical calculations. The cal-
culational techniques and nuclear physics data required for these
estimates have been calibrated and verified by a large number of
physics measurements and benchmark analysis. Since the estimates
are based on theoretical techniques, the uncertainty analysis
involves a large number of parameters. The uncertainty analysis
for nuclear radiation are divided into three parts, (1) those
related to the source, (2) those related to radiation transport
in the atmosphere, and (3) those related to transport through
structutes. These categories of uncertainties can be further
partitioned into uncertainties associated with the problem con-
figuration due either to random variation or lack of knowledge
and uncertainties associated with physics used to predict the
radiation environments for a specified configuration. The un-
certainties studied in this analysis are provided in Table 3.1
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3.1.2 Source-Related Uncertainties

In additiocn co the yieid uncertainty, there are uncer-
tainties in the intensity of the prompt neutrons and gamma-rays
as well as in their energy and angular distributions. The anal-
ysis for source-related uncertainties was performed for warhead
classes since there are generally similarities in the nuclear
radiation output for various warheads with each class.

It is important to realize that uncertainties in the total
nuclear radiation source, in its energy variation and in its
angular distribution are not necessarily independent. Prediction
of weapon source terms commence with "burn calculations” which
provide, in part, the generation of the neutrons and gamma rays
during the initial phase of detonation. "Qutput calculations"
are then performed to describe the transport of neutrons, and
gamma rays and production of neutron induced secondary gamma
rays during device disassembly. The output calculations may only
model the bare device or may include effects of weaponization and
the weapon carrier. The resulting source terms from output calcu-
lations depend on the level of geometrical detail (primarily
affects the angular distribution and gamma-ray output) and the
length of time past detonation that the calculation considers
(primarily affects total intensity and energy distribution). For
example, source terms from output calculations carried out to
longer times will show more neutrons outpuf and a softer energy
spectrum due to longer interactions times in the debris. Thus
the uncertainty in total neutron output 1s not independent of the
uncersainty in the spectrum.

We assume for this analysis, that the output calculations
provide all the significant radiation sources. Then given this
fact, we ask the questions what are the calculational uncertainties
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in the total output, the energy distribution and the angular
distribution. On this basis, they become relatively independ-
ent parameters for uncertainty analysis.

Total Neutron and Gamma-Ray Output

. The number of neutrons emitted per KT of yield (and

A . | b BB A AR A NN 33 2

associated uncertainties) is frequently reported separately from
! the total yield discussed above. For some cases these two effects

are not separate, but the variation in neutron yield is for all
‘ practical purposes proportional to the variation in the total
| yield. The neutron yield, expressed in moles/KT, is also one
! parameter that is used in deciding to which warhead class a given .
i device should be assigned. Thus, there is some natural variation

2 associated with the classification schemes.

As discussed above one component of the uncertainty in
neutron leakage per KT of yield is associated with the calcula-
tional method used in determining the neutron output. Calcula-
tions for many systems are performed for one-dimensional models
of a bare device and, therefove, do not include the effects of
weaponization cf the device, warhead design, and warhead carrier.
When one-dimensional models are used for calculation efficiency,
the geometric model wnust be chosen with care. Typically two-
dimensional calculations may indicate a 10-20% increase in total

neutron leakage and the neutron spectrum will have a softer
(lower energy) tail.

The uncertainty in the neutron ou:put*(moles/KT) is about
+20% for weapons within a warhead class when two-diiensional
calculations have been performed for a weaponized system. The
uncertainty is about +25% when one-dimensional calculations have
been made. The uncertainties in total neutron output will have
a direct effect on the neutron dose uncertaiaty as well as on

e
. Depends on the specific weaporn.
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the dose from air-secondary gamma rays. These uncertainties
are in addition to the direct influence of total energy yield

2,

uncertainty.

The gamma-ray output, expressed in gamma-ray efficiency
or MeV per KT of yield, is strongly dependent on the weapon
class and the calculational mcdel used. Estimates based on one-
dimensional model of bare devices generally underestimate the
intensity and the hardness of the gamma-ray energy spectrum. 1In
general, if the prompt gamma-ray intensity is significant from a
personnel dose exposure point of view, the gamma-ray output is
dominated by neutron capture and inelastic scattering reactions
in the warhead materials and in the weapon carrier. The intensity
of the gamma rays is therefore sensitive to the gamma-ray produc-
tion cross sections utilized in the calculations and is depen-
dent to some extent on the number of neutrons remaining in the

282 ARt B LA KA Mt shd

RIS WIS

debris at the end of the calculation. Typically the inclusion 5

P
of two-dimensional effects or the inclusion of a carrier model ¢ ¥
will increase the number of gamma rays predicted. ; f

Comparisons of calculated and measured gamma-ray output
indicates that, in some cases, the number of gamma rays/KT can
be calculated for a given weapon test to within 20%. Experi-
mental errors may be 1307 so that conclusions about uncertain-
ties are questionable. If the base case is considered to be

o

a weaponized system with carrier, an uncertainty of +30% is ¥
reasonable. 1If the base case is a one-dimensional calculation 7
of a bare device with a large fraction of neutrons remaining é
in the debris, then the uncertainty may be f;gz. For most fis- 5
sion devices, the uncertainties would be of the order of +30%. E|
S

Neutron/Gamma-Ray Energy Spectrum 4

3

The neutron spectrum uncertainties appear to be mostly =

- &
associated with those neutron energies less than 0.1 MeV and o

above 10 MeV. The spectrum variation at low energies depends

| %
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on the amount of neutrons left in the debris at the end of
the calculation and the weaponization treatment used in the

calculation. Variations of a factor of ten or higher in the
number of neutrons per unit energy below 0.1 MeV can result.
The high energy (>10 MeV) component is sensitive to whether

the weapon is a thermonuclear device. The uncertainties in

energy spectra must be folded with the effects of tramsport

in the atmosphere before they are meaningful.

o U A I A I R Y
A v v

Y

Gamma-ray energy spectra may vary due to the calcula-
tional models, the cross sections and the treatment of move-
ment of the materials during the calculation. The precision
of experimental measurements to verify gamma-ray spectra
limits the ability to place uncertainty estimates on weapon ;

Cad by s bdand

output. Uncertainties in spectra can be categorized by varia- ,
tions over 2-3 MeV wide energy intervals. An uncertainty of

+40% over a 2 MeV interval is reasonable. The uncertainties

in neutron and gamma-ray energy distributions, described

above, must be translated into uncertainties in radiation

e et a4 s,

exposure doses. To determine the effect on dose of various
source energies, adjoint calculations were performed in an air-
over-ground geometry using the DOT discrete ordinates code.
Three importantance functions were generated which indicated the
contribution to the dose as a function of some particle energy.

The importance functions are shown in Figure 3.1 for
prompt neutrons and gamma rays at 1000 meters from a source
located 12 meters above the air-ground interface. Also shewn

. — ot -

in the figure is the importance functions for secondary gamma

afr b o af PN r A

rays (those created by neutron interactions) as a function of %
the neutron energy (which created the gamma rays).

The neutron dose importance is approximately constant
above 2 MeV and decreases rapidly below 2 MeV. The secondary !
gamma-ray importance functicn has two distinct energy intervals.

Above 7 MeV neuiron energies, the gamma rays from inelastic
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Gamma-Ray Importance (rads tissue/gamma-ray)
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scattering in ground materials and charged particle reactions
in air make the significant contributions to the gamma-ray
dose. Source neutrons with energies less than 0.1 MeV produce
gamma rays by radiative neutron capture reactions in air as
well as ground materials. Since secondary gamma-ray energies
as well as total energy is fairly independent of the neutron's
energy, this part of the response function is constant with
energy (0.001 to 0.1 MeV).

The energy importance of prompt gamma rays decreases very
rapidly as the gamma-ray energy decreases. Since the importance
falls almost proportional to energy, i.e., decreases a factor
of 20 for a gamma ray energy change from 10 to 1 MeV, the dose
is almost proportional to total gamma-ray energy above 1 MeV
with only a small change due to shape.

To determine the impact on dose of changes in neutron
source spectral shapes, changes for three broad energy inter-
vals were considered. These energy intervals were <0.1 MeV,
0.1 to 8 MeV and >8 MeV. Changes in dose were determined for
positive and negative changes of +45%, +157%, +30%, respectively,
in the number of neutrons for the energy bands. That is, if
neutrons were removed from one interval, they were added to
another. For prompt gamma rays the number of gamma rays in
a 2 MeV-wide interval was changed by 40%. Again, when gamma-
rays were removed from one interval they were added to another.
Table 3.2 shows the effect on tissue dose of the uncertainties
in source spectral shape. Changes in tissue dose vary from 127
for secondary gamma rays to 16% for neutrons to 30% for prompt
gamma rays.

The importance of source energy spectrum for fission

product gamma rays was determined for a 10-KT burst at 130 meters
above the ground. A simple time-averaged energy spectrum was
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Table 3.2. Uncertainty in tissue dose due to
uncertainties in source energy spectra.

Dose Uncertainty (%)*
Dose Component (20)

Prompt Neutrons + 16
: Prompt Gamma Rays + 30 %
Secondary Gamma Rays + 12

* :
at one kilometer.

"

used, curve labeled IDEA(75) in Figure 3.2, and a time-energy
distribution for uranium and plutonium was also considered. A
change in this component of dose of about 50% can result. Re-
sults from ATR-4 are also given.

Uncertainties in the Neutron and Gamma-Ray Angular
Distriputions

The angular distributions cof the neutron output from
weapons is generally treated as being isotropic. It is there-
fore appropriate to treat any variations in the angular dis-

B e+ A i

tribution as being an uncertainty.

The variations in angular distributions are due to the
effects of asymmetric warhead and/or weapon design factors.
These effects were analyzed for several weapon systems. In
the most extreme case, there was a factor of five reduction
in the number of neutrons emitted in the forward angles as
compared to those emitted at 90° (to the side). For other
cases, more typical of tactical nuclear weapons, there were
variations of about #25%. These variations, now ccnsidered
to be uncertainties, must be folded into the radiation trans-

port analysis to determine the uncertainty in dose.
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Figure 3.2. Calculated tissue dose from three fission product i ;
i
|

! gamma-ray source models in IDEA. Results from
ATR are also given for the 10 KT burst 130 meters
above ground.
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The angular variations of output gamma-rays are generally
less than for neutrons for the same weapon. Again the varia-
tions in gamma-ray angular distributions must be treated as
uncertainties and they result from asymmetries in the warhead
and packaging configuration. In the most extreme case analyzed,
there was a 30% reduction in gamma-rays emitted in the forward

direction compared to the number emitted at 90°.

An analysis was made of the impact that angular varia-
tions of neutrons and gamma-rays on the exposure dose.
lations were made to obtain the energy-angular dependent
importance function in infinite air.

Calcu-

Although the air-ground
interface has an effect on the importance function, it was

considered to be secondary in this analysis. The analysis was
made for three source spectra (appropriate for output neutron

and gamma-ray energy spectra for different warhead types).

Figure 3.3 shows the angular impurtance at 600 and 900 meters
for a boosted fission source. The results from the other

sources were similar to that from the boosted fission source.

The asymmetry in the neutron importance indicates that
a neutron emitted toward the detector is about 20 times more
important than one emitted in the opposite direction. Thus a
reduction in the source emitted toward the detector will have
a significant reduction in the dose whereas a shadowing of the
scurce in the backward direction is not as important.

The angular importance of neutrons emitted in various
directicns also affects the secondary gamma rays with a result-
ing variation in dose of a factor of 5. A far larger variation
results for prompt gamma rays in which the importance varies
by a factor of about 4000 between the forward and backward
directions. Because of numerical problems in calculating gra-
dients of a few thousand or more, there is some uncertainty in

the actual values in the backward direction.
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Since the importance calculations are one-dimensional,
the angles are measured from the source-detector axis. 1In
practice, a weapon may be oriented at almost any angle with
respect to this axis. For purposes of this analysis, the ratio
of the dose in the forward, backward and side direction rela-
tive to an isotropic source was determined for a "typical”
source. Table 3.3 gives the results.

Table 3.3. Effect oi source asymmetry on tissue
dose at 900 meters.

Ratio of Dose to Isotropic Source
Forward Backward Side

Neutrons 0.93 0.83 1.20
Secondary Gamma Rays 0.99 0.95 1.03
Prompt Gamma Rays
(Source 1) 0.80 0.46 1.38
(Source 2) 0.94 0.72 1.20

An analysis was made of the impact of uncertainties
related to neutron energy and angular distribution on the
neutron dose for a low yield boosted {ission weapon. The com-
bined effects are shown in Figure 3.4. This figure shows that
uncertainties due tc energy and angular distributions made on
independent contributions of about 20 percent (20) uncertainty
in the neutron base at 1 km from the burst point. This uncer-
tainty will approximately double with each additional km from
the burst point.

3.1.3 Radiation Transvort in the Atmosphere

There are several important uncertainties related to trans-
port in the atmosphere. These uncertainties include configuration
and physics uncertainties involved in the prediction of the propa-
gation of nuclear radiation from the source through the atmosphere
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(and ground) to the vicinity of the target. The effects of the
transport in the vicinity of target (such as transport through a
structure) is discussed later. The radiation enviromnment which
does not include the target-specific details is often called the
"free field" environment. Thus, here we discuss the uncertainties
associated with the estimation of the free field environment.

Atmospheric Density

It is possible to predict the radiation environment for a
given air density if it is known; however, the effect of varia-
tions in atmospheric density due to changes in altitude, tempera-
ture and barametric pressure are treated in air at sea level are
scaled to other densities using the mass thickness of air between
the source and detector for the two densities. By picking the
actual density from a frequency distribution based on metero-
logical data, an estimate of the "uncertainty" can be calculated.

The technique for scaling radiation transport to dif-
ferent atmospheric densities is commonly referred to as '"Rho-r"
scaling. It is mathematically rigorous for a time independent
problem for a point source in a uniform, hemogeneous spherical
system. The prescription for Rho-r scaling is given by three
equations:

03 = Koy

and if Rlcl = R2°2

then o) (R} = K2, (R,

where K is the density scaie factor and pyr Ry, °i(Ri) are the
density, slant range, and flux in system i. Thus, if one has a
data base of fluxes computed with a density oy he can find the flux
in a syster with density 0. Application of Rho-r scaling would

be strictly true in air over ground geometry if we permit the
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ground density to change by the same ratio as the air density.
Of course, the HOB and ground range also change by the same
ratio. The effect on the dose from scaling the slant range,
however, dominates effects from altering the HOB or ground
density. 7o compensate for air density variations we will apply
Rho-r scaling to the dose as a fuiction of slant range and igunore
scaling for the HOB or ground den-ity. The ratio of the dose as
a function of the density ratio is presented in Figure 3.5 for
the neutron, secondary gamma-ray and prompt gamma-ray components.
The ratios are slighly different for each component because the
variation with slant range is different. Note that a 10%

N

AP Ak A oS AU

reduction in density (approximately equivalent to going from sea
level to 1000 m altitude) results in a 40-60% increase in the
dose.

gty ot =

Air-Ground Correction

The grcund has a significant effect on the tramsport of
radiation due to the closeness to the source and detector of a
high density (relative to air) material medium. The effects are
greatest on the thermalization of neutrons and the production
of secondary gamma rays. Most analyses in the past have been
based on infinite air results with correction factors applied to
account for the air-ground interface. Detailed air-ground calcu-
lations have been made (Refs. 3.4, 3.5 and 3.6) for a variety of
conditions as noted in Table 3.3. The results of Pace, et al.
(Ref. 3.5) were used to determine the ground correction factors
for the ATR-4 code (Ref. 3.3).

. The effects of ground composition on radia<ion transport
was investigated by Gritzner, et al (Ref. 3.6) using one-dimen-
sioral sensitivity calculations. The calculation model for the
study was slab geometry consistiu;, of 50 cm of ground, a detector
plane at 50 cm above the groun , a source plane at 100 m, and

an air albedo surface at 700 m. A low yield thermonuclear source
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Ratio of Dose (D/Do)

=

~
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Figure 3.5 Variation of dose at 1000 meter grcund range as a

funetion of air density (130 meter HOB).
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? Element Sensitivity*
H -33.0

, 0.595

) 1.34

2; Na 0.462

i? Mg 1.93

i Al 2.25

3 si 1.33

,'. K 5.24

ca 0.0149
Ti 26.6

3 ‘ cr 0.798
’ Mn 18.0

- Fe 8.63

'5 Mo 13.5

: *Fractional change in dose due to

a 1.0 atom/barn cm addition of
the element.
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Sensitivity of total dose to soil
type.

Soil Type Correction Factor, C¥

Table 3.6.

Mean Earth's Crust 1.0

S s s ——

Central German

sand 1.03
loess 0.99
clay 0.71
marl/loam 0.92
shale 0.84
sandstone 0.98
marl 0.84
limestone 1.01
granite 1.03
basalt 0.99
gneiss 0.61 :
slate 0.92
topsoil 1.15
United States '
beach sand 1.05 .
lava clay 0.72 i
Nevada desert . 0.82 '

*
The correction factor is the ratio of the
dose expected for the particular scil to

the dose obtained for the baseline case. ,
H

i
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Hydrogen Density in Soil (atoms/barn-cm)

Figure 3.6. Correlation of total tissue dose with hydrogen
content of soil.
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Gritzner's, et al, sensitivity data has two limitations
for direct use in the uncertainty analysis of damage functions.
In the first place, the relative contribution to total dose
from neutrons, secondary gamma rays, and prompt gamma rays changes
as a function of ground range. In the one-dimensional calcula-
tions of Gritzner there was no ground range dependence, and
thus the sensitivity results are appropriate only for the ranges
for which dose contributions are nearly equal to Gritzmer's.

For the model used, 90% of the dose from neutrons and secondary
gamma rays came from neutrons. A typical value at 1-km ground
range is about 75%. Secondly, the analysis was performed for
relatively low concentrations of hydrogen. At higher concen-
trations, the addition of more hydrogen probably has less rela-
tive effect than at lower initial concentrations.

The air-over-ground calculations of Gritzner (Ref. 3.6)
and Pace (Ref. 3.5) and the air-over-seawater czlculations of
Pace (Ref. 3.5) can be used to investigate the effect of hydrogen
content in the soil on transport. The Gritzner calculations used
a hydrogen content of 1.753 x 1073 atoms/barn-cm in a soil of
density 1.6 gm/cc. Pace used a hydrogen concentration of 9.7 x
1077 atoms/barn-cm in soil of density 1.7 gm/cc. A comparison
of dose ratio from these two calculations for three source spec-
tra and two burst heights is shown in Table 3.7. 1t is clear
that the variation is significant (as much as a factor of 16);
and it is a strong function of source spectra and height-of-burst.
Comparisons of the neutron dose in air-over-ground and air-over-
seawater are shown in Table 3.8 frem the Pace data. The hydrogen
content of seawater was taken to be €.64 x 10'2 atoms/barn-cm.

The variation of hydrogen content in the soil results in
a major uncertainty in the tissue dose. Further work is needed
to accomplish the following tasks:
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Table 3.7. Ratio of dose calculated for dry soil
to dose calculated for wet soil.
y ; fx
1
! -
Surface Burst % k
* i ¥
51 Sy S3 ' g
Ground k
Range(m) | N Y Lyt N Y @@,y | ¥ Y {N,v) :
205 1.35 0.76 0.76 } 1.71 0.82 1.32 |[1.21 0.82 1.08
410 1.28 0.69 0.93 | 1.53 0.78 1.4642 |1.20 0.78 1.10
615 1.22 0.62 1.01 | 1.37 0.70 1.40 §1.i2 0.74 1.08
820 1.28 0.59 1.16 { 1.28 0.68 1.39 | 1.i1 0.72 1.16 3
\ b
1025 1.40 0.58 1.23 | 1.32 0.64 1.40 | 1.1 G.70 1.23 i
\ e
61 Meter Height of Burst \& E
S1 S2 s3 %
207 1.42 1.0 0.77 y 1.9 %1.09 1.22 | 1.38 1l.11 1.03 z
+ i
411 1.41 0.96 0.8 | 1.69 1.02 1.19 | 1.35 1.07 1.02 i
615 1.54 0.32 0.91 ] 1.60 1.01 1.22 } 1.31 1.01 0.96 é
4
820 1.51 0.89 1.04 } 1.51 0.99 1.20 | 1.33 1.05 1.02 i
1626 1.68 0.84 1.15§ 1.53 0.96 1.24 | 1.62 1.04 1.14 §
* Sources: §
S1 Boosted fission ;
' S2 Enhanced radiation 3
S3 Suppressed radiation i
4
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1. Quantification of the dose variation as x function
hydrogen content over the range of interest as
function of source spectra, height-of-burst and
ground range

2. Determining the range of hydrogen congent in soils.

3. Effects of rain water and water retention by plants
on radiation transport.

Table 3.8. Summary of neutron tissue dose calculations
for air-over-ground and air-over-seawater.

Neutron Dose in Rads/Source Neutron

g;gggd Fission Source 14 MeV Source
(m) A/G A/SH Ratio A/G AlSW Ratio
515 1.73-20  1.14-20 1.52 5.35-20 4.27-20 1.23

995 3.50-22  2.29-22 1.53 1.98-21 1.48-2%1 1.34

Terrain Effects

Detailed radiation environrments computed for tactical
nuclear weapon detonations almost always use a flat air/ground

interface, i.e., level terrain. The treatment of the air/ground

interface as a plane results in a less complex problem computa-

ticnally, provides a good model to compare with test data in most
instances; and has a more universal application than models incor-

porating realistic terrain. The distances of interest for the

study of military and collateral damage from low to intermediate
vield are in the range of several kilometers. Thus, terrain fea-
tures which might effect the radiation enviromment involving geo-

graphic areas of a couple of square kilometers introduce an un-
certainty in the damage estimates using flat earth radiation
environment calculations.
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A study of terrain effects on radiation enviromments from
tactical nuclear weapons was performed by Albert, et al. (Ref. 3.7).
This research, aithough not definitive, provides the most detailed
data base available from which to ascertain uncertainty in damage
due to terrain effects on radiation transport. Albert's work is sum-
marized here. Albert investigated the effect of dense forest cover,
topography, and cmall bodies of water on the tissue dose from prompt
neutrons, prompt gamma rays, and secondary gamma rays.

The study of the effect of dense forest covers showed that
for ground ranges greater than 300 meters the ratio of dose in
the forest to the dose in open is relatively constant. The dose
ratio varied 10% to 15% with different source spectra. The
maximum attenuation of about 0.35 was found for surface bursts
which increased to about 0.6 for a 160 m burst height. The
attenuation was found to be dominated by the character of the
forest near the detector and thus interpolation for less demse
forest conditions should be based on the distribution around
the detector.

Analysis of radiation environments produced in valleys
indicated that the dose could be predicted by geometric scaling of
the flat earth data. That is, the dose corresponding to true
ground ranges, shown in Figure 3.7, as distinguished from the
map ground range, agreed with the flat earth, conventional trans-
port calculation.

Calculations of the terrain effects from hills showed that
no significant effect could be attributed to the presence of the
hill when a line of sight existed between the source and detec-
tor. In shadowed regions, terrain attenuatioa of up to factors
of five for common terrain were found.

An analysis by Albert for situations in which terrain
obscured the line of sight betweenr the source and detector showed
a reasonable pattern of consistency when the attentuation factors
were plotted as functions of the angle the intervening terrain
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subtends with the source and detector. These angles ag and ap
are illustrated in Figure 3.8.

The terrain attenuation factox defined as the ratio of
the tissue dose at a given horizontal range for flat earth to
the corresponding value with terrain is plotted as contours in
Figure 3.9 for a  and aj values. The solid lines are estimates
of the iso-attentuation factoxr contour and the symbols show
calculated data points. The agreement is reasonable.

Calculations including small bodies of water found no
significant effects on the dose from tactical nuclear weapons.
Thus we have neglected the possible uncertainties arising from
the presence of lakes and rivers

62l 82t <0

Cross_Secticus

There are two components of the possible uncertainties

n g s L
e it s s Aomemii s s

#

_5 due to cross .tions. One is due to the lack of knowledge of

~;; the detailed cross sections and the other is due to the process- !
3 ing and use of the data in computer codes For the effect of

'j uncertainties in the basic data, the DWA evaluation of oxygen

and nitrogen contain error files which give the uncertainty

for each cross section. These data have been processed by ORNL

staff with the resulting uncertainty of total dose in air from
In addition, the specific

a thermonuclear source determined.
cross sections that are most important to the calculation of .

dose were determined.

The sensitivities calculated for the several partial

cross sections involved in the problem are a measure of the in-

. fluence or importance of the particular cross sections for the '
Table 3.9 shows the sensitivies calculated by

problem result.
Bartine (Ref. 3.8). The tissue dose can be seen to be primarily

sensitive to the nitrogen neutron Cross sections.
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hill calculations (triangles indicate calcu-
lated results for specific geometries).
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Table 3.9.

Sensitivity of the total tissue dcse to
the indicated nitrogen and oxygen cross
sections.

Sensitivity (Relative Importance)*
Reaction N, 02 Air (Total)

pesefaipineny
L T

. ZCoLL (N + 1) -6.08  -1.42 -7.50
LCoLL (N) -5.25  -1.16 -6.41
‘ TeoLL (v -0.83  -0.26 -1.09
: 3 Igy, -3.17 -0.%4 -4,11 _
i INEL -0.55  0.09 -0.64 3
. EaRs -1.53  -0.13 -1.66
LN y) +0.12 0.00 +0.12
L(w.p) -0.45  -0.01 -0.46 ;
z IN,D) -0.10 0.00 -0.10 E:
o LT -0.08 -0.08 ‘
‘. Eaney FEanny o) -0.63  -0.01 -0.64
- | () -1.09  -0.12 4
A L, 20) -0.02 -0.02 .
8 oY) 0.00 9.0 ‘

‘. * : :
E Values in table represent the percent change in
5 dose resulting from a 1 percent increase in all
L . L. increase
energies in that specific cross section.
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Error estimates of the various cross sections can be com- .
bined with the sensitivity calculations to yield estimates of

the resulting uncertainties in tissue dose. Table 3.10shows the

estimated uncertainties in the evaluated nitrogen nevtron cross

sections. Bartine's analysis was based on a rather coarse indi-

cation of the cross section energy dependent uncertainty cor-

relations. The results of the tissue dose uncertainties due to

neutron cross section uncertainties are shown in Table 3 11.

;
1
]

Y Chi

‘the nitrogen (n,a) cross section was identified as the primary
”@ contributor tc the uncertainty. The uncertainty in the tissue
E: dose due to uncertainties in the nitrogen neutron cross section
:1 are quoted to be 29%. Tables similar to Tables 3.9 and 3.10 are
.}1 included in Ref. 3.8 for the oxygen neutron cross sections

. and the nitrogen and oxygen gamma ray cross sections. The
uncertainties resulting from these cross sections are negli-

gibly small compared to the nitrogen neutron cross section.

o A reiteration of Bartine's analysis was performed by
Weisbin (Ref. 3.9) with the only change being improved uncer-
tainty and uncertainty correlation estimates. The results of

X the sensitivity analysis were substantially lower (more than a
I fractor of two). The total tissue dose uncertainty was estimated
) to be 14.5%. The difference is attributable to the use of the
if ' '*~‘ more detailed covariance files available to the latter investi-

A gator. The sensitivity analyses performed were based on a very
i precise mathematical formalism, unfortunately, the results of
‘ the analysis ace based on data (errors and covariance matrices)

which are not so c¢cxact.

analysis (Ref, 3.8) was also performed to determine un-
certainties in results due to prccessing of cross sections into ¢
multigroup form (for use in discrete ordinates codes). Althoagh,
the analysis is not directly a.iicable to the probiem of in-
! terest since the group structure is not that used in any of the
recent calculations, it is believea that the estimate of 7%
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Table 3.10, Estimated percent uncertainty in the evaluated 3

nitrogen neutron cross sections (From Ref. 3.8) g

Midpoint of Energy Range (MeV) 3

Cross Section Thermal 1 1 2 5 8 11 14 3

Total 3 3 1 1 1 1 1 1 P
Elastic 3 3 1 1 10 10 15 10
Inelastic 30 20 20 20

(n a) 10 4060 400 400 200 200 200 200 B

(n,d)+(n,p)+(n,t) 5 30 30 30 30 40 40 30 :r

(n,a) 40 30 30 30 30 ’}

(n,24) 50 T

(n,2n") 20
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uncertainty in the dose is reasonable. It is noted, however, E:
that it would be possible to observe much larger effects of too

few groups were used or if the group boundaries were not chosen
with care.

Jrapantin
fh e A i X m e

Since data does not exist for ranges other than 20C0
meters, the range dependence of the uncertainty factors has veen )
“estimated". Table 3.12 gives the recommended values. It is
realized that the values in Table 3.12 do nct agree with the H
conclusions of Ref. 3.10. Staff at the Ballistics Research
Laboratory conclude that based on their analysis using Monte
Carlo techniques that:

MRAAADAIS
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“Results show that the requirements for
prediccing radiation transport in air to
+ 257 cannot be met with the accuracies
currently available in the neutron cross
sections for elastic scattering in
nitrogen "
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L
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Further analysis is required to resolve the conflicting con-
clusions of the independent studies. However, such s*udies are
beyond the scope of the current work.

Table 3.12. Dose uncertainties due to cress

sections. :
Range (»=1.19 ag/cc)
1000 w 2000 w
R Percent

. Neutron 15. 30.
3 Secondary ganma ray dose 15. 30.
Prompt gamma ray dose 5. 10.
oo X Fission product dose 5. 10.

A
—n —

P
Loy
e i AT St =




o ol
.

3.2 AIRBLAST

Airblast is the dominant cause of injuries and fatalities .
for people in structures for weapon yields greater than about 10
KT. As was bdriefly outlined in Section 2, there are three cate-
gories of blast related casualty mechanisms (direct effects on
body organs, secondary eftects of the impact of debris and
glass ot the tody and tertiary effects of whole body transls-
tion). Direct effects are semsitive to the diffraction loading
on the body and are dependent on the peak overpressure as welt
as the overpressure impulse. Secondary effects are dependent
on the peak overprecsure as well as the dynamic pressure.
Tertiary effects are orimarily dependent on the dynamic pressure.

The predictions of airblast properties (peak overpressure,
dynamic pressure and impulse) are primarily based on experimental
data. The current best estimate of airblast properties are given
in Ref. 3.11 for the close-in properties and Ref. 3.1 for the
lower level ({50 psi) airblast properties.

The uncertainties in airblast properties is dependent on
a rnumber of factors. These are summarized in Table 3.13. The
major uncertainty areas are discussed below.

Table 3.13. Sources of Airblast Uncertainties

Source Related
Yield
Height of Burst

Propagation Related
Airblast Representation
Target Altitude
Weather {sznow/rain)

Terrain
Temperature
Air Pressure

b

Arocund Structures
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3.2.1 Height of Burst

Height of burst uncertainties for airburst weapons depend
on the type of fuzes used and this is very weapon specific. For
a given weapon system the height c¢f burst uncertainty may depend
on the range and on the height of burst setting. The uncer-
tainties range from about five percent (two standard deviations)
to about sixty percent. Most systems have height of burst
uncertainties in the range from 20 to 30 percent.

Figure 3.10 shows the dependence of the peak overpressure
on the height of burst for overpressures in the region of
interest to collateral damage effects (+2 to 10 psi). At 10
psi, a 30 percent error in height of burst would result in an
uncertainty of about seven percent in peak overpressure and less
than five percent uncertainty in ground range. At 2 psi, a 30
percent uncertainty would result in an uncertainty of about two
percent in peak overpressure and about five percent in ground
range.

3.2.2 Yield Uncertainty

The uncertainty in weapon yield will depend on the specific
weapon. With a few exceptions, these uncertainties are less than f
15 percent (2 standard deviations). This uncertainty results in
a range uncertainty of about $ percent and an uncertainty of less

nan 10 percent in peak overpressure.
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3.2.3 Airblast Representation

The data used in this analysis for airblast representa-
tives was taken from Brode (Ref. 3.11) and EM-1 (Ref. 3.1).
These data were, in turn, based on a thecretical and analytical
interpretation of a series of experimental tests (Ref. 3.12).
| One measure of the uncertainties in airblast parameters (peak
overpressure, dynamic pressure and overpressure impulses) can
be determined by analyzing how well the experimental data could
- be fit. Cockoyne and Lofgven {(Ref. 3.13) performed such an
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analysis., The results of this analysis are shown in Tables 3.14
through 3.16 for peak overpressure, dynamic pressuvre and cver-

PR
.

oo

] pressure impulse, respectively. This analysis indicated that
] the uncertainties in ground range (for the same level of an

. 43 airblast parameter) was approximately 20 to 30 percent. This
; is approximately 50 perceat in peak overpressure at 10 psi and
approximately 15 percent uncertainty in peak overpressure at 4
psi.

Cockoyne and Lofgren (Ref. 3.13) used all of the experi-
mental data points in their analysis. Another way of assessing
¥ the uncertaiaty is to compare the best fit curves (for each set
§ of experiment data) to the representations given in Ref. 3.1 and
;i 3.12. The results of this analysis ere shown in Figure 3.11 for

B P N SV ORI Ipa R e

) near-surface burst tests and Figure 3.12 for low-air scaled heights
Ky of burst. Each point shown ir the figure represents a point taken
. from the "best" curves drawn through the experimental points

for a particular test. For near surface tests, 90 percent of g
the points fall within #15 percent (in ground range) of the ;
values given in Ref. 3.1 and 3.1l1.

2 3.2.4 Rain or Fog ,

¢ Although the effects of rain or fog on the blast wave

are not well known (Ref. 3.1), there is qualitative agreement E

between theoretical predictions and the available experimertal 3

1 data. The vaporization of water absorbs 2 small amount of the E
E energy tnat wouid otherwise to available for blast wave propa-

. B gation. This effect is to reduce the intensity of the biast 3
- wave. Figure 3.12 shows the reduction in effective yield for
;- light and heavy rain.

For a heavy rain condition, the yield reduction factor K

; of a onec kiloton weapon would be about 0.83 for the 5 psi peak

- {{ overpressure region. This resuits in a reduction, in range, of

L R approximately six percent or a reduction of about twelve percent =
in peak overpressure
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Table 3.14. Uncertainties in Peak Overpressure Data

Uncertainty in Scaled Ground Range (AN

HOB (fr/kT/3)
Scaled Rang
(fc/KTL/3) 0-3.1 182-205 212-252 323-375
237 11 10 b
287 14 5 .
348 10 10 -
422 11 14 12
511 13 16 22 6
620 07 22 22 -
750 11 28 25 25
909 9 23 14 14
1101 17 17 15 18
1334 09 14 13 13
1616 07 07 - 12
1957 11 15 - 13
2371 15 - - 4
2873 04 - - 16
Average 11 17 18 14

2 standard deviation

% experimental data




Table 3.15. Uncertainties in peak dynamic pressure.

Uncertainty in Scaled Ground Range (%)

1/3

HOB (ft/KT*/7)

Scaled Range
(£2/KTL/3) \\\\\\\\\ . 182-204
316

681
1467

Average




Table 3.16.

Uncertainties in Overpressure Impulse Data

Uncertainty in Scaled Ground Range (%)2

o (£e/kr/3)
Scaled Range
(fr/KTl/3) 0-3.1 182-205 212-252 323-375
237 65 52 b -
287 57 35 - -
348 49 20 - -
422 15 32 23 -
511 71 43 14 18
620 17 20 30 -
750 69 23 25 42
909 26 21 12 58
1101 41 38 15 15
1334 17 16 11 15
1616 16 2 - 24
1957 18 27 - 11
2371 30 - - 21
2873 22 - - 28
Average 47 31 20 25
a

b

Standard deviation

lo experimental data
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Figure 3.11. Comparison of Experimental’ and EM-1 Peak Over-
pressure Data for Near Surface 3urscs

*Fairly broac. uncertaanties shoula be assoc .xued with each point
in this plot since each =resents a seiected value on a curve
through a scatter of sata Thls comment alsc applies zo Figure
3.12. An indepexdent analveis for HOB's 20€ fr (scaled) in-
dicated uncertaanties of +30 amd -55% at 10 prz, +25 anc -40%
at 15 psi, and +40 and -557 at > psar {957% of che umta pcznts).
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Since the affect of rain or fog will be to reduce the .
range of collateral damage effects (or reduce the blast wave "
intensity at a given range), it has not been used in generating
the casualty damage functions given in Section 7 of this report.

% 3.2.5 Snow

. Snow on the ground surface may have an effect on the
reflected blast wave intensity (Ref. 3.1). When a shock front
enters a layer cf snow it is attenuated.® Drag forces on the

H snow crystals dissipate energy contained in the wind behind
i the shock front.

it Current estimates indicate a thick layer of snow may
reduce the range to a given overpressure as much as ten per-
cent. Since the effect is to reduce the blast wave intensity, : 3
it was not used in generating the casualty damage functioms.

L TR —

3.2.6 Target Altitude
: The target altitude will affect the intensity of the

blast wave. Calculations of damage are typically based on sea-

level airblast parameters. At higher altitudes the blast wave
% will be somewhat less (Ref. 3.1). Most target areas are
located at altitudes of less than 3,000 feet above sea level.
At 3,000 feet the pezk overpressure is reduced approximately
eleven percent (or about a six percent reduction in range to
10 psi). CSince the affect of altitude on collateral damage
effects is to always minimize them, it has not been consiaered
in the casualty damage function generations.
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: 3.2.7 Ambient Atmospheric Pressure

ToAT D

Variations in the atmospheric pressure will cause varia-
tions in the airblast parameters. However, the normal range in
atmospheric pressure is +3 percent. This causes variatioms in
3 ground ranges of less than 3 percent.

i

b
. ——

%, s x
Hard packed snow can make an ideal surface out of a non-ideal

L .
"~
. A I surface.
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3.2.8 Terrain

Terrain features such as rising or falling slopes, ridges,
valleys, etc., will affect the blast wave. If a shock wave that
is travelling along the ground surface encounters a change in
slope, the characteristics of the shock wave will change. 1f
the terrain is characterized by large changes of slope, the
changes in the blast wave can be significant. They can result
in an overpressure increase by more than a factor of two oc a
decrease by more than a factor of tnree (Ref. 3.1).

Table 3.1i7 shows a comparison between the peak over-
pressure for a flat surface and the overpressure for rising or
falling slopes. The siopes chosen for these comparisons are

typical of those that might be expected around target areas.
Also shown are the increase or decrease in ground range (from
that expected for a given overpressure on a flat surface).

3.2.9 Summaxy of Airbiast Uncertainties

The major areas of uncertainties in the airblast environ-
ments were discussed above. A summary of those uncertainties
used for the generation of the damage functicn are summarized
in Table 3.18. A Gaussian distribution was assumed for each
of the uncertainties. The distributions were truncated at the
high and low values shown in the table.

The uncertainties were used to estimate the probability
distributions for peak overpressure at a series of range points.
Figures 3.14 and 3.15 show example probability distributions at
500 and 1000 meters from ground zero for a one kiloton weapon
detonated at a 200 foot height of burst. The error bars on the
fregquency distribution indicate the statistical accuracy of the
calculation, i.e., any structure in the distribution smaller
than the error bars has no significance. The area under the
frequency distribution curve integrates to unity.
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Table 3.18. Summary of Airblast Uncertainties*

Mean Standard Truncation Value
Parameter Value Deviation Low High
Yield 1.0 KT 0.075 KT 0.0 1.5
HOB 200 ft 50 ft c.0 400
Air Pressure 1015 mb 10 mb 900 1115
Slope 0° 10° -30 +30
Range Factor®* 1.0 0.15 0.0 2.0

-
There was no explicit account of noun-ideal surface effects,
precursors or mechanical effects (build-up, vegetation,
roughness, trees, etc.).

o . :
Range uncertainty in the basic airblast representation.
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3.3 THERMAL RADIATION

o A o e oo

Thermal radiation emitted by a nuclear weapon detonation
can cause fatalities and sericus injuries to people directly
N i exposed to the fireball. Thermal effects (foxr people in the
open) extend to larger distances thaa do nuclear radiation or
airblast effects for weapon yields greater than abcut 3 KT.

o

Thermal effects are also the primary cause of fires cesulting
from nuclear weapons.

odevna

x AT

rearde

If there is little atmespheric attenuation of the ther-
mal radiation, the total thermal radistion energy can be

P .
! regarded as being spread uniformly over the surface of a sphere }
31 and the simple procedures given in EM-1 (Ref. 3.1) or Classtone :
i1 and Dolan (Ref. 3.14) can be used tc assess radiant exposure ) :
£ levels., However, if there conditions of clouds, heavy smoke ; E
s or haze, precipitation, snov cover, etc., more sophisticated £
i% procedures are required. Several calculational models have ?
'2 been developed to handle these effects, including the THERMX . 4
;E; code developed by SAI which was used in this analysis (Ref. ) §~
XY 3.15). . >
A H k.,
N ﬁi There are a number of factors invclved in determining H :».;
g the uncertainties in predicted radiant exporure levels. Most ; :;
':‘ of these factors result from normal variaticns in atmospheric ia
~f conditions and ground cover. The uncertainty parameters con- %
if sidered in this analysis are giver in Table 3.19. 3
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Table 3.19. Thermal Radiation Uncertainties 3
3
Weapon Yield E
Thermal Pactition -
Air Pressure -
Relative Humidity 5
Cioud Cover ]
Altitude . 23
] Ground Albedo ’ &
¥ 3
«_: Height of Burst : 3
i % Temperature p -
ay * >4
..i Meteorclegical Range 5
. % Cloud Ceiling 2
Range Uncertainty Factor¥* ;
2§ :
- 1N % . . : s i -
Uncertainty in basic thermal radiarion : .
"33 predictions, ; 3
1%‘ 3.3.1 Therma] Partition . E
=y ¥ b"
e The results of analysis performed by Kaman Sciences was . :
E used to assess the uncertainties in the thermal partition (the s )
| fraction of the total explosion energy emitted as thermal radia- :
tien) for air burst weapons. This analyses indicated that f 3
; from 58 independent experiments, the mean value of the thermal ; 3
{" partition was 0.35 and the uncertainty was 13 percent (standard : ‘
>
. deviation). The distribution of the experimental values is 3
g shown in Figure 3.16. Here the frac:tion of the experimental 5
o ]
1 points is shown as a function of the ratio of the experimentally K
M observed value to the mean value. P
’ o .
K 3.3.2 Radiant Exposure Predictions 3
“ An analysis was made of the experimentally measured
d S
{ radiant exposures. Comparisons were made between the experimental AR
RN ' s : . . 3
: - i values and those obtained from by using the THERMX code. The £
Y B :
i . | 5
P { B
F 3-55 )
> - E
,~‘;‘: F: <X
2
. 3
3 }‘ - e a—— s )y - {,
E. . . P @ . . o
S B o A LY :
' A v it ST AR b o - o
y e ‘4 b %“4’7“ 2 g g“ﬁd‘d‘.’ rray f.' e . kK,
i R < e PR BN Rt y BRI —~

RN L.




* _. .4 , . ,
: . BN co N .- . . .

RS i M AR A B TN BT P e A TANAWRT f
.

NP A S i e |

e
. . e A . - N ! ! . .
4 ol S AR Gty £k T
LY .
»
B .

ssuofaTlaeI [REIIY], pPouUTWIAiIa(Q
Aireiuswyaadxy JO uoIIngiiasyqg Lousnbsaz ‘9['¢ danBiy
3/%%3) oravy
i
: w1 z1 01 8" 9 0 .y
¥ T T T T 1 T T T 1%"
|II_ o AL
c. i
S ,ﬁ&‘w w,m
-  ov AT
o FIr e
=3 b4 ) «ﬁww_.
l m ! 2 .
i 4 « ?&u‘m».
© ‘:\?w.
o s
- 407 3 AR
- .nv...u e _‘v.
i 4 s
u - 0¢" w
e
~
[}
= - N 2
Ge 0= 1 e
Ind
o
i 1 1 ] 1 1 1 ] i L L e

W
2
P
‘e
1
o
N -
) o St
Ly
R . .
» -
TR IR R/ A
adatop e s TR
S e e <~ - P — - - ——— - - o
O LI Z et 1 P 3 e ST K2 T A 2 o 3 e i S MRy o A o 2 e e
S > i 4 5 e g a4 ? v g i i

Lo alfoS




experimental data were taken from a series of nuclear weapon
test results. These were a series of tests which have been
used to establish thermal radiation scaling laws, i.e., atmo-
spheric conditions were good.

For purposes of comparison of measured values of radiant
exposure Q, it was decided to present plots of the quantity
QRQ/W (i.e., normalizing to unit yield and removing the in-
verse-distance-squared factor). The variation of this quantity
from a constant value then displays all effects of atmospheric
absorption and scattering as well as effects of ground and
cloud albedos.

The 23 shots selected were those listed in Table I of
“New Thermal Scaling Laws for Low-Altitude Nuclear Burst" in
Vol. 1 of "Nuclear Weapons Thermal Radiation Phenomena" (1974).
Shots 1 through .0 were above a ground surface (shown in Table
3.20) aud 11 were above water. These shots were selected on
the basis of adequate thermal data for a lov-altitude burst.
The data points for each shot are plotted together with the
cemparable quantity predicted by the program THERMX.

The data points have been corrected for filter trans-
mission and misalignment (when this was stated not to have
been done in the data tabulation). Data points have been ex-
cluded if a footrote indicated reasonable concern for accuracy,
or if one measurement of a set was alearly in conflict with
several orher appareatly valid and consistent points. No points
were excluded simply because they did not "look" good.

An analysis of the spread in the experimental data
indicated that the standard deviation of the experimental data
was about 30 percent for slant ranges between one and two
kilometers, 20 percent for two to four kilometers and 20 per-
cent for four to ten kilometers. There was observed a slight
trend of underpredicting the radiant exposures by the THERMX
code at ranges beyond about three kilometers.
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Height

. of
i Burst Yield
.Zi Number  Surface (£t) (kt)
1 1 Desert 1,132  14.0
"" 2 " 1,417 21.0
. i 3 " 1,314 31.0
3 4 " 3,467 31.0
i 5 " 1,060  19.0
i i 6 ” 6,022  11.0
7 " 2,423 27.0
8 " 524 15.0
- 3 ) " 1,33  61.0
"3 10 . 739 3.0

¢ AN TS

spheric conditions.

Shot
Charlie
Dog
Easy
Charlie
Dog
Dixzie
Encore
Grable
Climax

Wasp Prime

Table 3.20. Summary of Weapon Tesrs (over ground
surfaces) for Thermal Radiation™

Cperation
(Buster-Jangle)
(Buster-Jangle)
(Buster-Jangle)
(Tumbler-Snapper)
{Tumbler-Snapper)
(Upshot-Knothole)
(Upshot-Knothole)
(Upshot-Knothole)
(Upshet-Knothole)
(Teapot)

* . .
The atmospheric ccnditions were exceptionally clear for these
tests. 1t would have been useful to have examined near surface
tests and data for tests conducted under less favorable atmo-
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Foil data and aircraft data have been excluded from the
final graphs of QCXP/QCh. The accuracy of the foil data was
stated te be poorer than that of calorimeter data. Aircraft
data (depending on the aircraft altitude) may be significantly
too high for proper comparison with ground data.

The ratio of observed radiant exposure Q to the predicted
value is also plotted versus slant range in Figure 3.17.

3.3 3 Atmospheric Conditions

The air pressure, relative humidity, target altitude and
air temperature affect the attenuation and the scatter of thermal
radiation. These effects i1l not be described here, however,
the values used in the anulysis will be summarized below.

The ground albedo can affect radiant exposure levels,
particularly when there is a cloud layer and the thermal radia-
tion is reflected off a ligh. cclored ground cover (such as snow)
and again reflectad off the bortom of a cloud layer. There is
considerable variation in the reflective properties of ground suv-
faces, e.g.. almost zero for a newly ploved field to almost unity
for a snow cover). A uniform distrioution for ground albedo wa:
assumed for this analysis (equal probability from zero to unity).

The moteorological range has an important affect on the
attenuation of thermal radiation., Analysis was performed on
the annual atmospheric conditions for northern Europe. Figure
3.18 shows the cumulative probability distribuc.ion of the visual
range using annual weather statistics. The analysis chowed a
strong correlation between visual range and cloud ceiliag (an-
other importaat factor ia predictions ot radiant exposure levels).
A joint probability distribution was used in the analysis for
visuzl range and cloud ceilings.

3.3.4 Summary of Thermal Radiation Uncertainties

A summary of the uncertainties in thermal radiation en-
vironments is given in Table 3.21. These values werc used in
generating the dama_e functiuus shown in Section 7 of this report.
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Figure 3.17. Ccmpariscn of Theoretical and Experimental
values of Thermal Fluence.

T

MQ;'S
A R il
N %Si)."?;”{ "'f*-w\*" p‘. R .5 -

“&-:sw )

WG




At A il K

- e RIS oo PP

|
, !
A *(s9735T3BIS TEnUUy) odoany uUIsylaoN - Lo
103 98uey TEASTA JO UOTINQTIISTQ L3ITITqeRqOord dAjjefnum) °g1°'g 2andyj T
(wy) a8uey TENSIA .“
. 08 0L 09 0S oY o€ 0z 01 0 <
1 ] ' T 1 ] T ] ] 1 ' ¥ ) 1) {
b -l Ve |+ .

L

o~

(=)

"\‘g' M
s 3

e
AN

1
~
Q
S
N
S-: 7
o
25

T
1

0

(=4

£3711qeQ0a4 IaTIBTINUN)
P
‘ TR
w
Soiod

s
53
o 1%

3-61

I
. L — qo0-1 i
' 4.
)
|18
3 i |
" [} | | 2 L 1 1 | ! L 1 2 1 1 ! ‘
B
;
a1y
'y
4 K'
S
N -,
)
. »
b
A .G I 4
- ! e v s
't EXME TN .”:ﬁac\.,é.b.&.:lﬁ v
— - ~w ey LTy
. ¥ — - T T .
e AT WA A O OO P e or e e e e g S Y i




e

203084
{vwaoN c1 A3uteaasoun aduey

e 3uiyi19) pnold
aeingel-juiop

w601 a3uey ieo1%01010313Y

gs uosuyof 3068 aanayevaddway

ocy ewaon 13 002 Isang jo 3y3ioy
0'1 wiozun opaqiv punoay

oyl Teutaon 3939w g Sx9239W 9/ uoyleAaAally
001 1rwaoN %s1 %ES sfeg Apno1d ¥
001 1eWION %01 %62 Ay1pIumii 2a7IE19Y
STl 006 jewaon W 01 N S101% danssaag IV
S0 0°0 jLwIoN %0°'0 G€°0 uorlilaed jewaayy

S 1 0°'0 TewaoN 14 SL0°0 Mot p191} £2aaug

Y3y ot ad4y, uoyaelaaq anyep adjdueaed
saniep uotiedsunay uoTangIIaIsiqg paepuelg ueal

$273UTRII20UN UOTIBTPYY TDWIBYL ‘1Z°€ 919Ul




. - B N " N

3.4 REFERENCES

3.1 Dolan, P.J., Ed., '"Capabilities of Nuclear Weapons,"
Defense Nuclear Agency Report DNA EM-1 (July 1972).

3.2 Engle, W.E., Jr. "A User's Manual for ANISN, A One-
vimensional Discrete Ordinates Transport Code with
avisotropic Scattering,™ K-1693 (1967).

o L

3.3 Huszar, L., E.A. Straker and W A, Woolson, “Version 4 of
ATR (Air Transport Radiation," SAI-76-561-LJ (1976)

A ISMIC I A IeeY

e
rorm ez
i M S TP

3.4 Straker, E.A., "Time-Dependent Neutron and Secondary Gamma-
Ray Transport in an Air-over-Ground Geometry, Vol. II,
Tabulated Data,” ORNL (1968).

A R, e A R e A B 4
3

3.5 Pace, J.V , 111, D.E. Barine and F.R. Mynatt, "Neutron and
Secondary Gamma-Ray Transport Calculations for 14 MeV and
Fission Neutron Sources in an Air-over-Ground and Air-over- 3
Seawater Geometries,™ ORNL-TM-4841 (1975). B

omfchopily ¢ e

)

3.6 Gritzner, M.L., et al., "Radiation Environment from Tactical
Nuclear Weapons," SAI-76-534-HU (1973). 3

< 3.7 Albert, T.E., et al , "Terrain Effects on Tactical Nuclear
Radiation Environments,” SAI-76-577-HU (1975).

3.8 Bartine, D.E., E.M. Oblow and F.R. Mynatt, "Radiation Trans- A -
=8 port Cross Section Sensicivity Analysis - A General Approach 3

i Illustrated for a Thermoanuclear Source in Air," Nuc. Sci. 3
3 and Engr. 55, 147 (1974). 3

3.9 Weisbin, C.R., et al., "Cross Section and Method E
Uncertainties: The Application of Sensitivity Analysis to { K
Study Their Relationship in Radiation Transport Benchmark T
Problem,"” ORNL-TM-4847, (Aug. 1975).

3.10 Beverly, W.B., et al., "The Effects of the Evaluation
Assigned Pitrogen Nuclear Cross Section Uncertainties
A Upon the Transport of Neutrons in Air," BRL-R-1830 (1975).

a 3.11 Brode, H.L., "Height of Burst Effects at Heighc Overpressures,"
b- Rand Corp. Report DASA 2506 (July 1970). ¥

3.12 Kingery, C.H., et al., "Nuclear Weapons Blast Phenomena, £
Yolume V, Data Ccmpendxum " DASA 1200-V, Revised,
October 1971.

T 5T
v

iy
v

_‘
w
-
w

Cockayne, J.E., and E.V. Lofgren, "Tactical Implictions if
of Air Bisst ~ariations from Nuclear Weapon Tests,"' SAL A
Report SAI-76-677-WA (30 Rov. 1976)

"

AT

#

|
LN
ol

PN Lttt

~ &

3-63

‘y”’d 24
j -
x5

KA

P

'S

promgry
s
:

Z

..
1
&
e
o~

.
]
A Xsers o, i,

——— Py

B _: RN “ ﬁlg“ﬁ:;{:}rﬁ{% ’i? : n

R A yted T e

e st
R A AR A -M“t‘




adonrmctsatone

3.14

Glasstone, S., and P.J. Dolan, The Effects of Nuclear
Weapons, Third Edition, USDOD and USDOE (1977).

Drake, M.J., C.J. Rindfleisch, Jr. and D.C. Shreve,
Collateral Damage Methodology and Vulnerability

Representation, Monthly Progress Report, SAI-76-507-LJ
(Jan, 1976).

TR

. ~‘

- ;ZZ‘E‘”%,‘&"




e —

4. SHELTERING CONDITIONS AND RELATED UNCERTAINTIES

4.1 NUCLEAR RADIATION PROTECTION FACTORS

Any mass of material between a nuclear radiation source,
such as a nuclear weapon detonation, and personnel will reduce the
dose to the personnel compared to the free-field dose at the same
location. Personnel located behind brildings or in buildings will

receive less dose than that which they would receive in an exposed
free-field position.

The uncertainties in the predicted dose for people inside
structures are relatively small (uncertainties in range) if state-

of-the-art calculational techniques are used and if the following
conditions are well known.
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e The free-field dose contributions are known (neutron
and gamma rays)

The structure is isolated from any other structures

The building materials and geometries

f
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The locations of people are known

The conditions listed above are almost never known.
Even if they were known, such calculations are impractical for
the purposes of estimating collateral damage. The usual practice
is to define several classes of structures and to specify nuclear
radiation protection factors that are appropriate for the class
of structures. Table 4.1 lists the protection factors given in
EM-1 (Ref. 4.1) and AP-550 (Ref. 4.2) for civilian structures.

T AN 7 et

W

The categories of structures listed in Table 4.1 have
to include structures of the particular type throughout the world.
For example, frame houses include all single-story residences
(wood frame buildings, wali-bearing buildings and adobe buildings).
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AP-550 lists a single value for each building type. EM-1 lists a
range of protection factors but provides no guidance on the appro-

.% priate value to use for a given construction type.

| Two investigations were made, recently, on protection
} factors appropriate for West German houses (Refs. 4.3 and 4.4).
H

The conclusions from this research was that most German residences
’ provide larger effective protection factors tkuan would be cbtained
% from the data in Table 4.1. There were two reasons for this:

H (1) the type of material used and the construction techniques

ii provide higher protectien facters, (2) the effects of multiple
]

3
1

building protection. Based on the above research, a distribution

of protection factors was developed. These are summarized in 3
Table 4.2.

4.2 VULNERABILITY OF STRUCTURES TO AIRBLAST

1 Airblast effects from weapons of yield greater than about
- ! 10 KT produce important casualty damage mechanisms. For people in
the open, the most important effects are direct effects on body
organs and the cffects of whole-body translation. However, for
veople located inside buildings or outside of buildings in a buile-
up area, the debris generated by light-to-moderate damage to the
buildings or collapse of the buildings produce the most important
damage mechanisms.-
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The uncertainties in airblast-related casualties are
iarge. These uncertainties can be divided into three general
areas, The first are the uncertainties in biomedical effects.
These uncertainties will be discussed in Section 5 of this report.
The second area is related to the basic understanding of how struc-
tures fail, the type of debris generated, and how this debris is
blown about by the tlast wave. The third area is related to the
variations in structure types and the uncertainties in structure
vulnerability. The last two areas are the most important. ones
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with respect to the uncertainties in predictions of airblast casu-
alties for people in or near buildings.

An investigation was completed recently on a re-examina-
tion of the structural vulnerability (Ref. 4.5) which included
structures of a type that are of interest to coliateral damage
estimates. A comparison was made of the structural vulnerabil-
ities given in EM-1 (Ref. 4.1) and AP-550 (Ref. 4.2) and those
derived from re-examining the Japanese experience as well as re-
sults from experiments conducted at the Nevada Test Site (NTS).
The results of this research indicated that the vulnerability val-
ves given in EM-1 and AP-550 may be too large, i.e., about a fac-
tor of 1.5 for overpressure-sensitive structures and a factor of
5 for dynamic pressure-sensitive structures. Table 4.3 summarizes
some of the results.

Table 4.3. Comparison of structural vulnerability,

Structure Type Vulnerabality (psi)¥*

Japanese and
EM-1 NTS Data

Load-bearing masonry -
buildings : : op = 3.2

Wood-frame buildings . A . AP = 2.5

Light steel-frame -
buildings : ' q=0.6

* Vulnerability for 30% probability of severe damage.
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Although debris-related casualty criteria are not dir-
ectly proportinral to structure failure criteria, they are corre- . 3
latad. The results of the structural analysis (Ref. 4.5) shown
above indicate that the uncertainties in structural vulnerabil-
X ities are larger than indicated in either EM-1 (Ref. 4.1) or AP-550
3 (Ref. 4.2), and these uncertainties must pe considered in assessing
uncertainties in casualty criteria.

; A program was 1nitiated in 1976 to investigate the struc-
b tural vulnerability of typical West German residences (Refs. 4.6

i and 4.7). The analytical and experimental program was performed
by Stanford Research Institute. During the first phase of the
program, corisiderable iaformation on the details of building con-
struction in West Germany was collected and two major classes of
buildings were identified as typical of small villages (masonry
load-bearing wail buildings and half-timber Fachwerk buildings).

Based on the German building data gathered in the first s 4
y phase of the program and in consultations with a West German- ! s
trained architect, SRI designed three identical structures which ,
were tested during the DICE THROW event in White Sands, New Mexico ’

YTy

:EJ in October 1976. The three structures (one half was of Fachwerk ' E
x| design and the other half was masonry design) were positioned such i 3
t. that the free-field peak overpressure were 7.0, 3.5 and 2.0 psi. ; B -
<! The pre-shot predictions are shown in Table &.4. i

i

The test results were very similar to the pre-test
. predictions. The degree of damage was slightly less than the
3 predictions. The DICE THROW test did tend to confirm that the
current vulnerabilities given in EM-1 aud AP-550 for load-
bearing masonry buildings may be slightly high, but the test i
data indicated that the 3.2 psi value obtained in Ref. 4. 5 is } 3 '

low,
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Predictions of wall collapse.

Overpressure
(psi) Fachwerk Masonry Cavity

(Probability of Collapse, %)

Front Side Front
Wall ¥all Hall

~100 85 ~100
80 10 98

15 ~0 A1

* Actual values were 0.5 zo 1.0 psi less.

*% Actual values were slightly less.
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4.3 FIRES

A preliminary examination was made of the impact on col-
lateral damage of fires produced by tactical nuclear weapons
and the resulting casualties. The effort included primary fires
(those started by the thermal pulse), secondary fires (those
started by secondary effects such as airblast, debris, etec.)
and spread fires.

This section summarizes the results of this effort, which
was primarily conducted at the Stanferd Research Institute by
Martin, et al. (Ref. 4.8). It should be recognized that this
was a preliminary examination and, therefore, the results are
still tentative. Recommendations for further work on selected
research areas are provided.

4.2,1 Introduction

BACKGROUND

Fire is usually ignored in assessing damage from the
conservative standpoint. Buct when assessing collateral damsge
the uncertainty of fire can not be ignored. This study was ¢
intended to provide some initial guidance about the importance
of this mechanism, relative to other casualty-producing effects
{e.g., airblast and initial radiation). This would be done
using the methodology described in Section 6 to treat the
effects of uncertainties in non-scenario-specific variables,
i.e., those for which it is presently either impossible ox
impractical to treat other than as distributed variables but
where enough is known about the probable range of the variables
to estimate 2 distribution function.
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Among damage assessment problems, fire effects are ex-
ceedingly complex, requiring the treatment of a remarkably
large variety of weapon-burst, environment, and target param-
eters. This complexity, which has often caused the problem
of fires following nuclear attack to be either ignored or
treated in an inadequate, over-simplistic fashion, can now
be handled in a more satisfactory way as a result of research
efforts funded by DCPA (and its predecessor agency, OCD). It
is still necessary, however, to attempt to generalize the anal-
ysis, substituting class-average statistics and stochastic
variabtes for details and determinism, and to invent plausible
algorithms where data do not exist.

The genera! approach being used here is to scale fure
initiation data from the DCPA “Five-Cities Study" (for ex-
ample, sce Ref. 4.9 ), which were for weapon yields in the
megaton range, to weapon yields in the range 0.1-10 0 KT and
heights of burst from 200 to €00 fL/KT1/3. These data are
then used to compute probabilities of fire initiation and

spread and subsequent casualty production caused by people
caught in the burned-out region, e.g., because they are non-
ambulatory due to injuries from other weapon effects, blocked
bv debris, overcome by smoke and toxic combustion gases, and

so forth.

STUDY OBJECTIVES

This initial study has the principal objective of as-
certaining the overall degree of improvement in predictions
of casuvalties (produced by all weapon effects) that could be
achieved from more detailed, yet practical (in both attain-
ment and application}, knowledge in the following areas.
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Basic physical phenomena such as the several
poorly understood blast-fire interactions that
may extinguish or delay the development of
primary fires, secondary (blast/shock induced)
fire initiations, fire development and spread
mechanisms, spread of wildland fires into
populated areas, and the effects of weather

| conditions.

R

NN by T

2. Target description such as different types of
European structures and their spacings, con-
tents, and wildland surroundings.

Operational factors such as the amelioratory ,
effects of civil preparedness (e.g., covered D
windows) and fire-fighting efforts.

More detailed treatments of the casualty- X
. producing mechanisms associated with fires,

Y in particular the sequence of events that may E
C g impact movement and rescue, including their 3
dynamic features in reiation to the changing

fire threat. 3

The remainder of this report contains a discussion of
the approach now being used to model the physical aspects h
(initiation, development and spread) of fires. Example cal-
culations are then given for two low-yield airbursts near a
residential area, and the extent of the burned-out region is
compared with that of other potential casualty-producing
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4.3.2 Primary and Secondary Fires

FIRE PREDICTIONS FOR LOW-YIELD hEAPONS

Fires in structures following a nuclear detonation are
postulated to be the result of fires produced by three sepa- i
rate mechanisms:

i e R L i

Dokt A
—

1. Primary fires - those initiated by the
thermal puise of the bomb. |
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2. Secondary fires - those initiated by the
blast effects of the bomb.

3. Spread fires - those resulting from sub-

sequent propagation of both primary and

secondary fires.
The primary firc threat to an urban target arises
3 mainly from the initially small, incipient fires that result
from the exposure of building contents by that portion of the
;‘ direct thermal radiation from the nuclear fireball that is §
3 transmitted into rooms through windows and open doors. 1In
many circumstances, exterior ignitions would play only a
minor role. Normally, the exceptions would be the relatively
infrequent cases where large accumulations of combustible

litter or wildland fuels are in close proximity to structures
having wooden exteriors It must be recognized, however,

W

RSN Y

that structural damage resulting from any previous weapon
effects (either nuclear or conventional) and the associated
debris they may create will generallv enhance the importance
of exterior ignitions and increase the incendiary vulner-
ability of the urban target. 1In conducting this preliminary
study, we have neglected the contribution of exterior igui-
tions since it was not possible to model these effects. The
results may therefcre tend to underestimate the fire problem.
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However, other assumptions may compensate for this neglect, and

it

i,

the unavoidably large uncertainties in the total analysis may
mask it.

ouit.

i

Secondary fires - those caused by blast effects rather
than by the thermal radiation - require the coexistence (at
the time of blast wave arrival) of fuels and energy sources in

suitable combinations that mechanical damage or displacement can
bring about contact between the two that is favorable for igni-
tion of the fuels. This requirement represents an inherently
low, but not insignificant, likelihood for secondary




fire starts in most urban occupancies experiencing blast over-
pressures capable of causing the requisite damage or dis-

s

placement.

S

it has the propensity to grow and to spread to other structures
that escaped initial fire starts. 1In time, this spreading of
fire from structure to structure can cause much more damage ' 3
than that represented by the initial fires alone. Because they
take time to develop and since their outcome is subject to
alteration by subsequent events, these spread fires impact sur-
vival and the conduct of emergency operations in several
importantly different ways than initial fires do, and it is
A important to know their distributions in time (their dynamics) P
' and in space. In this study, however, we neglect spread dy- 4
ﬂ' namics, and evaluate only the additional (ultimate) contribu-
B tion made by spread fires. : 3

i
Whether a fire starts from primary or secondary causes, i

2 e oy

L AR WP, s e s

To estimate the distribution of primary fire starts,
this study makes use of a methodology that was originally pro-
posed by John and Passel (Ref. 4.10) and subsequently devel- ¢ B
oped into an analytical procedure at URS (Ref. 4.1l) to estimate 3
the frequency-spatial distribution of initial structural fires N
in a given urban use (or occupancy) class. '

Basic Assumptions

The analytical methodology is built upon a foundation 7
of the following postulates and assumptions:*

s

' 1. The primary fire threat arises from ignition
of room contents. We have already noted that

k- under "normal" circumstances exterior fires

5 will contribute relatively little to the total
urban fire problem. An additional justification

{ for the neglect of exterior fires is to be found
in the large thermal radiaticn exposures needed 3

N WL

5 ek

N
: . *
N New fire research sponsored by DRA and DCPA may indicate that
5w these assumptions are not valid. :
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to ignite (to sustained burning) sound
wood of thicknesses typically used for
wall sheathing, roof covering, extermal
trim, and other exterior structural pur-
poses. (A description of ignition thresh-
olds is discussed later.)

Inside buildings, ignition of lightweight
kindlings is not a sufficient condition for
a sustained, building-threatening fire.
Either a major fuel item - one that by it-
self is capable of flashing over the room
in which it is located ~ must be ignited
directly, requiring a higher exposure,
typically, than that required to ignite
kindlings, or one or more of the ignited
kindlings must provide an indirect (or
independent) route to the same endpoint.

The contributory roles of kindlings and
major furnishings may be mathematically
combined as a set of conditional prob-
abilities for each of the separate fuel
classes. These classes are then chosen
in such a way as to minimize the number
of quantifying properties that will re-
quire evaluation; e.g., class-average
ignition thresholds and probabilities of
(a) exposure, (b) ignition-given-exposure
and (c¢) flashover-production-given-ignition.

o ety

.

A %
i

3
A
3
i.

i3

The room contents are randomly distributed,
at a uniform height above the floor, over
the plan area of the room.

The frequency distributions of fuels (room
contents) in each class, in each occupancy,
etc., are well approximated by the Poisson
statistic.

Model Description

In its simplest form, the methodology may be represented
by the equation:

P.o= 1- exp[- i("pepf)i] .
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This equation predicts the probability, P, that a room (on a
given floor, in a building of specified occupancy) whose win-
dows are exposed to the thermal radiation from the fireball

uill suffer a fire that, if left unattended, will ultimately
cause the room to become engulfed in fire (e.g., to "flashover").

The symbol i designates the separate classes of fuels into

which the room contents have been classified. For convenience
of analysis these classes will usually be chosen to discrim- ;
inate between (1) those contents which each individually have
the capability, once ignited, to flashover the room contain-
ing them (i = +1); (2) those lesser contents that, singly, lack
the capability but may, if ignited, contribute to the develop-
ment of a flashover situation (i = -1); and, to include as a
separate and exclusive category, (3) those contents which are
used to cover windows for privacy and the control of light

(i = 0). The three essential fuel-class properties are u,

the mean number of ignitable items in the class per room; P
the probability of thermal exposure; and Pg» the probability
that ignition will lead to flashover. These properties are
separately expressible as functions of the radiant exposure

variable, Q.*

The analytical convenience afforded by the foregoing
classification of room contents is readily seen in the follow- !
ing development. For the class i = +1, pg, by definition, f
equals one. Similarly, by definition, Pe is practically
close to unity for the class i = 0. Thus, the basic equation
may be satisfactorily approximated by:

*In fact, however, neither P, nor pg are explicitly given as
functions of Q. John and Passel (&ef. 4.10) proposed a cor-
relation between ps and Q that we might consider using. We
do use the basic form of their empirical P,(6), and 8 corre-
lates with Q.
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Powl-exp - [(up)y + Guippg) g + (upggl -

Now, the probability of exposure of any randomly selected point
in the exposure plane (the horizontal plane within the room
over which the contents, aside from window coverings, are
assumed tc be randomly distributed) may be related to the ele-
vation angle ¢ (measured in radians) of the fireball line of
sight by means of the following empirical expression:

b = ol-7 e-4.79

e
Intuitively, one expects this probability to increase in pro-
portion to the fraction of the exposed wall area that is repre-
sented by unobstructed window area, and, consistent with results
of the Five-City Study, the foregoing equation may be modified
accordingly:

A .
window 01.7 e-4'70
all

P, = 3

We have chosen to equate Pa with the class i = -1 type fuels
since most of its items will be of small cross section approx-
imating points in the exposure plane. By extension, then, the
probability Of exposure of the i = +1 class contents will be
proportionately larger in relation to their generally much
larger cross section. Thus,

Po 41 = (Ay/a ) e oy -

In evaluating these exposure probabilities, we have chosen the
distriburion of (Awindow/Awall) values developed by IITRI from
Five-City Study survey data (see Figure 4.1 ) and developed an
approximate frequency distribution for (A 1/A 1) values from
representative cross section data reported in Ref. 4.12.
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In evaluating the fuel-class properties, the major un-
certainties are the prcbabilities of producing room flashover
given ignition of the minor-contents items, Pg, -1 and Pe o
We have chosen to represent these by an identical log-normal

istribution with its mean located at 0.0l, to indicate the
relatively much smaller capability such contents have or pro-
ducing a flashover situation, and their 95% confidence limits
set at 0.0002 and 0.5 to reflect our almost total ignorance of
this factor.

In view of the foregoing, the basic equation may be
simplified as follows-

. y1hay
Pr = 1 - exp-[ A, + pf(u_1 + uo) pe,_1

Only the mean number distribution of ignitable fuels in each
class remain to be evaluated.

These mean-number distributions may be expressed gener-
ally as the following nondimensional functions of the radian<
exposure Q:

-1
-B
11 {Q B+ 1 ( qQ )
= |1+ — ,
H; BT \Qne 5

where Mi represents the total count (mean number pe: room) of
items in the ith class, and, therefore, its value depends only
on the class and the occupancy (that is, it is completely inde-
pendent of the weapon yield, burst height, etc.). The quancity
Qinfl is the value of radiant exposure correspending to the in-
flection point in the mean-number function. Although it will
vary systematically with fuel class and occupancy, it is also a
function of the conditions of burst and is the parameter used

to extrapolate from one weapon burst situation to another. The

Ll
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quantity B 1is a measure of the spread in ignition threshold

values for the items comprising the class. The slope of the &
distribution function at the inflection point is equal to b
8% - 1)/48.
: The mean-number coefficients used in the present anal- 3
E . 1

ysis are derived by an extrapolative procedure from survey data
acquired during the Five-City Study. The Five-City Study dealt
; with megaton-yield explosions; therefore, the reference Qinfl ;‘
i values must be scaled down over some three orders of magnitude E
in energy yield from the megaton range to yields of interest in

the kiloton range. Scaled heights of burst were of comparable
3 magnitude except that the Five-City Study included some surface 3
. bursts. ;-
g For the scaling of Qinfl we have used these equations: -
" ._ t :
5 1 Q, = 2250 8k 4 mAX . 9.5
B 1 4
i - 1552 96k ¢ 4 lmax g 5 £
i % a ! a T IVecn
LA k|,
i where t = va tm;:/L, the Fourier modulus, is a heat conduction 3
_.= property of the exposcd fuel. The symbol tay Tepresants ’
-.',—, the time delay (in seconds) from the instant of expiosion to
t --_~ the zppearance of the principle thermal irradiance maximum at E
L any digzant target location. For purposes of these calcula- 3
v 3 tions (in which all burst heights are less than 15,000 feet), ; .
A ?Ai trax is related to explosive yield in the following way: . “ =
3 : - i AN
i H .
¢ - C. 44
. trax 0.0417 W . :
{
; winere W 1is the yield measured in kilotons.
.
- “,-v:‘.
LRL ;}3
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It is estimated that the dependence of Qinfl on
humidity is

3
5

£3
3

Qner = Q,ingr (1 +0.005H)

where h is the relative humidity in percent.
The practical ranges of the pertinent material prop-

erties are given in Table 4.5

Table 4 5 Applicable Properties of Ignitable
Room Contents

[

Thicknesses:
T L = 0.02 to 0.07 cm
.
. Density of Kindling Material:
i o = 0.4 to 0.5 g/cm~3
7}3 Thermal Diffusivity
;% @« = 095x 103 to 1.0 x 1073 cm? sec”?!
. “ 3
] ﬁs Specific heat capacity. . H
3N ¢ = 0.3 cal (°0)-1 g~
Rl
‘l Absoxptivity-
2 a = 0.5 to 0.8 (nondimensional)
Z Critical Irradiance-
A H, = 0.4 cal/em? sec!
’}f Figure 4.2 illustrates the extrapolation procedure.
. | It is important to note that the assumption has been made

that transient ignition thresholds as exhibited by idealized

‘2. (uniform, apertured exposures of small specimens) laboratory

T tests ave more representative of fire initiating conditions

“ i‘ ' in realistic situaticns than are the laboratory-determined !
=j{ i, l thresholds of sustained ignition. This assumption has very ’
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little physical evidence to support it at the present time.
The validity of this assumption will be seen to be of crucial
importance to the outcome of the analysis.

Figure 4.3 shows the function dependence of (“i/Mi)

on (Q/Qinfl) for two values of B. In the Five-lity S5tudy,
B-values for residential occupancies were nearly constant for
all conditions and classes, averaging about five Since B
is a measure of the range in ignition thresholds, and for the
short pulses of the kiloton range the spread is noticeably
less than in the megaton range, it is appropriate to use a
larger value of B in the kiloton region.

It is important to note that, in the calculaticn of
probabilities of room fires, the level of exposure Q wused
for determining u; 1is not the free-field radiant exposure
but rather is the radiant exposure of the kindling fuel in the
room, which differs from the free-field level by a proportional
constant a which depends upon a number of factors and i; not of
uniform value for all rooms in any given building:

3 = aea
1

".!3 ’

-
ra

Tw' the window transmission,

the fraction of the fireball not obscured
by the general artificial horizon,

the fraction of the fireball not obscured
by local objects (i.e , trees, nearby
buildings).

The window transmission is treated as a two-~level
discrete distribution, namely 2/3 of the cases are assumed to
have a transmission of 807% (averaged over the pertinent angles
of incidence), corresponding to a single pane of glass, and
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1/3 are assumed to transmit only 70%, corresponding to two
panes. The transmission values are adopted from recommenda-
tions (based on actual data) given in a 1966 Naval Applied

Science Laboratory Technical Report (Ref. 4.13).

Window screens would further attenuate the transmitted
radiation where they are used (NASL recommended a value of
50% transmittance (Ref. 4.13) for a single pane of glass com-
bined with screen), but, noting the apparent infrequency with
which insect screens are used in Central Europe, we have
chosen to neglect this, The choice of 1/3 double-pane windows
and 2/3 single-pane windows is purely an arbitrary one.
Better statistical information could be readily obtained.

From the fraction of the fireball obscured by the
artificial horizon, curves of the general form illustrated in
Figure 4.4 can be constructed However, the artificial
horizon should be treated as a scenario-dependent variable.
Observations (including inclinometer measurements) made both
here and in Germany give some indication of the general range
of values of the artificial horizon. In U.S. cities, observa-
tions mace from windows in one- and two-story buildings indi-
cate a fairly consistent angle of inclination in the ra = 5°
to 6°. In surburban areas and open country with nominal free
coverage, such as one typically observes around the villages
of Central Europe, the angle will average about 3° and rarely
exceed 5° or fall below 2°. The principal exception is in
heavily forested and mountainous areasr such as the Black Forest
where the artificial horizon (though it is often hard to define
exactly) will range from about 10° to 15° and, surprisingly,
even in the deepest canyons will rarely exceced 20°.

We have used a lognormal distribution of the artificial
horizon with & mean of 3° and 95% confidence limits of 1.5°
and 6°.
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Figure 4. 4. Trend of fireball obscuration vs. angle
artificial horizon.
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The fraction of the fireball obscured by "local"
objects is currently prescribed by the summer/winter dis-
tribution derived from the Szn Jose survey as part of the
Five-City Study and shown here in Figure 4.5 . Obviously,
this is another scenario-dependent variable.

Once the separate probabilities of significant roma E
fires have been estimated with the distributed variables given,
using the methods just described, these are then combined as 5

By = 1= (1P J1eP, 5y H1-P 5]+ [1-2 )]

to provide an estimate of the probability of significant (that

is, self-sustaining and potentially life-threatening) fires in
the exposed population of buildings (denoted Pb). The index
J=1, 2, 3,..., N designates the component exposed rooms con-
tained by the structuces in question. Tae number N should
be determined (as a distributed variable) from a survey of
West Gerran villages. In the Five-City Study the mean value
for gingle-farily residences was found to be close to 5. It

RRITTY

ra 4

might be expected to increase somewhat linearly in proportion
to the number of family units in a residential structure We
have chosen to use three separate "flat" distributions of equal
likelihesd over the arbirrarily assumed range of values. The
ranges are & to 8 exposed rooms in single-family residences,

gy o

6 to 12 in two-family residenices, and 10 to 30 in larger multi-
unit apartment houses.

.k

o L Al ALY R

\

Once we have estimated the function Pb(o) we can

readily calculate cthe ultimate burnout given (1) the number of §
buildings Hl in a half-block (e.g.., rows of 2 to 10 struc- z_
tures assumed to have an equal frequency of occurrence) and A
(2) the side-to-side fire-sprecad probability Ps. The empiri- by

cal equations derived for this purposc are as follows:

Av——— S Py
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Figure 4.5.
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Fraction of Sky-Ring Visible

Exposure of first-story windows in San Jose
residential area in summer and winter (based
on survay of 300 windows).
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. P,
Fraction burned out = T

b

in which
A = 1= 1’2]‘(Hr - 1)0-996 Ps + 0.538()‘1_ - 1)0.038 P 2
and

B = 1-A

1N

An example, taken from a URS study (Ref. 4.11) for a row of

5 structures, is showm in Figure 4.§ . Single structures from
i R which no spread is possible must also be accounted for. For
single strxuctures che fraction of ultimate burnout eguals che
probability of initial igrition.

ey

o nct

g

e o

Survey data are needeé for these estimates, but for
initial estimates we have used side-te-side spread orobabil-
ities based on the San Jose data from the Five-City Study.

A preliminary estimate of the number of buildings in
rows was nade for the study from aerial photographs of

PR AMARE L 1 e

villages in the Niedersachsen Region of West Germany. Tallies
1
wvere made of chc frequency of observation of single {isolated)
buildinges and rows of 2, 3, & ... up to and including 10 and g
more. Although there were variations in the sums, no parti- 3
: cular trends were found and we therefore decided to use a flat ’
!
4
)
1

IRV

Y distribuetion (equal likelikocd of occurrence of an isolated

\ structure or any one row "lengtn” up to and including the case
of rows having 19 and more buildings). The terms "row" and
"isolated building" are difficuitf to define precisely, but in

practice the meaning is clear and unambiguous. Cases of
isolated buildings have been included in the distribution
funiction because, although they make nc contribution to the
fire spread, they are part of the population pool and must be
accounted for in the burnout estimate.
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The probability-of-spread distribution (only side-to-
side, that is, along-the-row, spread events have been included)
was derived from the statistical data of the Five-City Study
(San Jose residential areas) illustrated in Figure 4.7 , making
-2 use of a physically plausible relationship between probabilities
of fire spread and configuration factors utilized in the calcu-
R lation of radiation intensities from burning (fully involved)

: buildings. (See Figure 4.8 .) Inasmuch as critical irradi-

ances for spontaneous ignition of materials are in the range

of about 0.2 to 0.6 cal cm 2 sec'l, averaging about 0.4, while
windows of rooms filled with flame radiate in the neighborhood
of 4 cal em 2 sec’l, depending upon fuel loading, ventilation,
and other factors, fire spread by radiation heating alone can i

- a——

A

be expected to occur in a large proportion of the cases when
. configuration factors (calculated for the burning building as
pg "seen" by the as-yet-unignited building) exceed about

§ ¢ = gtﬁ = 0.1, Thus, we expect the probability of spread to
rise abruptly in the vicinity of ¢ = 0.1 from small values
that are representative of spread by spotting and piloting
mechanisms (no more than a few-percent probable at distances
where ¢ falls to 0.95 and below) to probabilities approach- i
ing unity at ¢ = 0.2. This function is shown in Figure 4.8 . i
Combining this with the side-to-side spread probability
statistics from the Five~City Study, we derived the frequency
distribution function for fire-spread probabilities as shown
in Figure 4. 9 and used in this study.

BRI G

o

EFFECTS OF BLAST

o _ —All-the foregdingEhas ignored airblast and its effects
on firee, which include (1) the interaction of the blast wave
with the fire and (2) secondary fire ignitions. The effects
of airblast and fire are inseparable, and their interactions
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are of great importance to the determiuation of population

survival. Over those direct-effect areas where fire effects
are important there willi typically be substantial structural
damage from blast. Even at large dis<ances from ground zero,
appreoaching the limit of incendiary ceach, the effects of air- E
blast on fires will be considerable. 1In most residential k

i B cunrs 2

.
N
P

%
anns 3 oy

areas some structural damage, including partial collapse,

acccmpanies fires of any practical consequence. This alters
. che environment in which the fires will develep and spread.
Moreover, many fires may be extinguished by the airblast (or
at least degrad=d from active flaming combustion to smolder-
ing). The same applies to commercial and ialustrial occupan-
cics ec.cept that, at the limit ¢# incendiary reach, there will
g be, in general, less structural damage. Nevertheless, sub-
stantial change will Oe wrought >y blast including (1) the

e o B

-t

loss of curtain wails and interior parcitionc, (2) the ejecticn

o

of zhese structural component: along with contents to form
debris in the opei: spaces between buildings, and (3) some of
tne actively flaming initial fircs will be extinguished or
reduced to a less active smoidering state.

N
ey

o —t

ki

: i

;§ The question of whecher (and how many) fires are ex- i

e tiaguished by the blast wave is of extreme importance to sur- !

g' vival and the planning of emergency operations to aid survival §

I }E in cthe immediace period following attazk. It cannot, as yet, ]
ot .

be answered coafidently. Studiee >f the effecte in Japan and
at various nucleasr and high-explosive tests are contradictory
and leave the question unresolved. Laboratory expavrirents
that simulate blast loading of urban interiors show that the
blast wave typically does extinguisk flames but often leav.s
the material smoldering to reinitiate active flaming at a
later time. It is not certain at present how universally

Y
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this behavior may extend to actusl urban targets experiencing
a nuclesr explosion. Undoubtediy, some fires will survive
the blast; others will be startsd by it. In all likelihood,
e the ultimate extent of damage will not depend nearly as
] heavily on whether or not blast extinguishment occurs as it
wiil on how the blast either aids or impedes the effective
appiication of self-help firetighting by the resident popula-
g tion. While blast damage may hinder this action, the blast
) wave may provide some additional time by snuffing out many

K actively flaming fires, leaving relatively slow-growing
- smoldering fires in their places.

Where blast overpressures are high enough to cause sub-
stantial structural collapse and te create deep, nearly con-
tiniuous debris fields over much of the locil area, the spread
of fire and its threat to survival could be quite different
i in character from that modeled in this study. Where initial
fire incidence is light, fires will burn in a spotty, spo-
radic fashion with little or no inceraction. Basement spaces
and structures still standing will usuglly provide fire-safe
refuge. Wirh proper precautions, a very high level of sur-
vival czn cesult., Seif-help firefighting can be important in

the relatively infrequent circumstances where fires do start

in (er quite nezr to) occupied buildings. Occupants have, per-
haps, 1/4 to 1/2 hour to find and extinguish these fires. Air
vents to underground shelter nust be freed of debris that might

cubseguently become involved in a slow moving debris fire.
Where the lernsity of fire starts is high, fire spread plays a [
roie in the fire threat for only a short period of time while
ae fices are merging. The threat is, therefore, determined
b tte intensity of the mass firz aund the environment it
creates, notably the air temperatures, and the atmospheric
concertrations of U0 and CO,. {
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In typical resicential areas where fuel loadings of,
1.5 to 3 pounds/ft:2 will constitute the debris field, maximum
v burning rates will range from 0.1 to 9.2 lb/ftz-min yielding
about 2 1bs of CO per minute over each 100 sq ft of burning
debris. The corvesponding h-2at release rate will be 8 x 105

b calories per minute per sq ft. This is comparable to the 3 .
b conditions generally ascribed tu a fire storm and represents f'
-3 a substantial threat to survival, requiring special precau- »“
tions such as ciosing air vents for a period of a half hour ;
. cr so. The much heavier accumulations of debris in builtup =l

commercial and industrial areas will cause burninz to last
for hours. Prospects for continued survival in these areas

4 are bleal.
For suvch areas, crisis relocation of the resident popu- };
lation is che preferred planning option. After-the-fact, 3
{4 remedial movement of the surviving cheltered population at the e

earliest threat of fire will be imperative.

v

We were unable in this brief study to develop a model
of fire spread for blast damaged urban areas. Additional fire
research is required before such models can be developed.

Since these blast-fire interaction effects are not yet

well defined, our estimates of them will necessarily have
large dispersions. For nominal estimates we use an algorithm
for blowout of fires that was previously used by URS, which
= states that below 2 psi peak overpressure no fires are blown
E | out, above 5 psi only half of the primary ignitions survive

f the blast wave, and between 2 and 5 psi the survival of primary
ignitions decreases linearly from 1 to 0.5.%
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¥A recencly published URS report (Ref. 4.l4) supports these
earlier conclusions but points out the importance of fuel
loc..tion in the room relative to the blast-induced air flow
pattern.
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The only definitive study that has been conducted to
. date (Ref. 4.15) on secondary-ignition fires per 1000 ftz of
* floor area in areas of the target experiencing 2 psi and H
= % higher overpressures. Additional insight, both with regard {l_.

. to secondary fires and casualty production by primary or
E 32 secondary fires, may become available from studies orf other i
; World War II fire data analyzed under DNA Contract No. i
; DNACGl-76-C-0085, "Relative Collateral Damage." i

To use the McAuliffe and Moll (Ref. 4.15) predictor of h
secondary-fire density, we require an estimate of floor area. '
In this study we estimated the average floor area of single-
3 family dwellings to be 1667 ftz which yields a secondary-
ignition~source building-fire probability of 0.01. For
i wul tiple-family dwellings we estimated the floor area to be 3
1600 ft2 times the number of units per building. 2

.
(h o fa oot

According to a Dikewood survey of fire casualties in
World War 31 (Ref. &4 15), fire facalities rarely exceed 4&%* E
of the popuiation at risk unless the fire took on the extreme '
dimensions ard the interse nature ascribed to firestorms.
Based on this, the following casualty alezrithm is proposed:

Sk iadls
FOROAAAA Fa ity

L LRI

1. Three percent of the total populetion at 3
i risk, plus all of that portion of the e
E population at risk which is either trapped

or nonambulatoTy, will be killed by fire
effects.

The population at risk is defined to be that 3
N fraction of the surviving population (all of :
X those not killed by the prompt weapon effects) . 2

! which is sheltered in burning buildings.

*
Fires sterted by nuclear wezpons will tend to be simultaneous
and fewer peorle will have the opportunity to find refuge

(compared to WW II fires).
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EXAMPLE CALCULATIONS OF EXTENT OF FIRE

We illustrate here simple estimates of the ext<nt of
serious fires for a single set of scenario-dependent variables
and without treating the dispersion of distributed viriables.
Moreover, no casualty production assumptions for fires are in-
corporated in this example, nor is the casualty production
from other weapon effects included with chese results. (Full,
all-effects casualty calculations including distributed
variables to estatlish confidence limits are given below in
Section 6). As a rough indication of the potential serious-
ness of fires as a casualty production mechanism for low-yield
weapens, however, the range of the effucts of other mechanisms
may be compared to the predicted extent of the burned-out
region.

"his oxample estimates the fraction of buildings buraed
for the following conditions:

(1) Weapon - (a) 1 kiloton, ctandard fission
(b) 10 kiloton, standard fission

(2) Height of burst - (a) 490 fc*
(b) 895 £t

(3) Residential area with 4 rooms per building
exposed to the fireball and the following
obscuration factors:

2 rooms with Hl = 0.8, 53 = 1.0
2 rooms with 31 = 0.8, 53 = 0.5
(4) Visibility of 10 miles

(5) Axtificial horizon = 3°

*Height of burst scaled to give (at the second thermal maxi-
mum) a fireball line of sight equivalent to 1 kiloton at
430 feet.
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5 (6) Total burn calculated for isclated rows of o
. 5 houses with house-to-house spread prob- 3
'% ability of 0.67. ; e
# (7) Windows are not covered. i ;
k| H 4
.i, The calculations were made with and without a considera- % E
k' tion of blast effects. When considering blast effects it was f .
i assumed: 2
p 3
;ﬁ: (1) Below 2 psi peak overpressure the blast wave g
“iP has no effect on fire. 3
3 (2) Above 2 psi peak overpressure (a) a fraction 3
: equal to the quantity (8 - P)/6, where P is K
i? the peak overpressure in psi, having a lower z

limit of 0.5, survive the blast wave blowout
to rekindle active fires and (b) an additional .
1% of the buildings have secondary ignition
fires.

504

Results of these calculations are shown in Figure 4.10
for the 1 KT case and in Figure 4.1l for the 10 KT case. With
or without the blast effects, there is a significant fraction,
: ~10%, of the buildings completely burned out at a ground range <
of ~0.5 mi from the 1 KT burst and 1.2 miles from the 10 KT
burst. At these ranges, and with typical protection inside
residences from the initial radiation, all other weapon
effects produce no significant incidence of fatalities, al-
I though the creation of debris and the incidence of non-fatal,
' incapacitating injuries from other effects are not insignifi- f
cant at this range. For these cases, then, the possibility i
exists that fire could be among the dominant fatality mech- i.'

I

g - anisms at long ranges {
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4.3.3 Conclusicns and Recommendations

Recognizing some major weaknesses in the methodology and
the physical-data base that underly it, this analysis still shows
that, for tactical situations irnvolving the use of nuclear weapons
in Western Europe, collateral fire effects could be quite impor-
tant. It also shows how strongly dependent the fire outcome
is on scenario-reiated variables, and it implies that the threat
to survival may be readily countered through civil prepardness.

The most serious deficiency in the methodology arises
from its neglect or its inability to treat adequately the blast
effects and their interaction with, and/or influence on, fire
behavicr. Yet these effects may drastically change the in-
cendiary outcome--probably not to ameliorate its threat, but
in still uncertain ways that may have important operational
and decision-making ramifications.

Further work should be done to reduce these uncert-
ainties. As a general and long-term recommendation, the un-
finished research work on blast-fire interactions should be
reactivated. At present, no Dob agency, to our knowledge,
reactivated.* On the shorter term, several issues of direct
relevance to ccllateral damage can b~ enumerated. For example:
(1) the importance of exterior ignitions should be evaluated for
situations where intericr ignitions do not dominate the fire
response of the target; (2) some consideration should be given
to situations invelviug previous damage from either nuclear or
conventionai weapons, and how this could modify the conclusions

*Recently, the Defemse Nuclear Agency and the Defense Civil
Preparedness Agency have initiated new fire research programs.
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regarding fire effects; (3) improved casualty algorithms
should be developed from the historical and other retrospec-
tive sources of data (e.g., data from both wartime and peace-
time experiences in which fire casualties followed explosions
and/or structural collapse) in combinations with mathematical
modeling of the dynamics of fire spread as it may impact sur-
vival (i.e., "fire trapping"); and (4) an effort should be
made to resolve through experimentation the longstanding un-
certainty about which laboratory-determined ignition thres-
. hold applies (or if neither does, what then?) to practical
situations invoiving the exposure of mixed and geometrically

complex fuel arrays.

i

The applicability of Five-City Study data to Western
European situations is of questionable validity. Wherever we
have shown that the results are sensitive to the assumed

% ensss

%5 values of a particular target-description variable, an effort
ii should be made to acquire data on-site to at least test the
gi applicability of the U.S. data or, when practical to do so,
: to provide improved estimates of these variables and their

E statistics.

i In fire predictions, there are numerous "scenario-

N related” variables that cannot., or should not, be treated in
i% the same way as the usual physical variables having some

5 natural effects, and provision must be made for analyzing

E- their potential role. These include such factors as the

3 following:

1. Burst height and yield

2. Seguence of two or more bursts
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3. Warning of the popuiation and its response
to warning, e.g.,

a. closing shutters and boarding up windows
b. emergency housekeeping

c. movement to shelter

d. delegation of fire watch

e. preparation for self-help fire fighting

4. Indirect threat due to wildland fires.

We digscuss here the probable impact of some of these factors
associated with sheltering conditicns.

The height of burst critically affects (i.e., becomes
the principal determinant of) the extent of primary fires of
the airburst fireball. The range of 200 to 400 £t SHOB
appears to be the main transition region, but a better measure
of artificial horizons in typical West German villages is
needed to verify this point.

A similar consideration applies to the probability of l
exposure of interior (room content) fuels. The probability is
a strong function of the line-of-sight elevation angle, peak-
ing at about 22° above the horizontal, but it is complicated
by trees and buildings in the immediate vicinity of the exposed
building (and considered separately from the artificial horizon).
More survey information on building heights and separations
would a2lso help to better define this factor.

Moderate blast damage caused by one explosion can
markedly increase the fire susceptibility of an urban target
subjected to a second burst. This effect has not beer con-
sidered in analyses to date. Other than its effect in removing
shutters and other coverirgs from windows, it is not vet
clear what analytical formalism would be applicable, nor what
additional data might be needed.
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A simple but very effective primary-fire counter-
measure is the expendient covering of windows with opaque
material. Simply closing a shutter can be quite effective

in virtually eliminating all possibility of interior fire
starts from a single explosion. This and other zountermeasure
options must be evaluated, both as a means of outlining the
megnitude of the fire proolem and to provide some quantitative
measure of relative effectivenss for population dzfense plan-
ning.

The indirect threat due to wildland fires is properly
treated in terms of suth scenario-related variables as weather
(current and recent past), proximity of the urban area to con-
tiguous, heavily vegetated areas (e.g., forests), and the
number, sequence, kinds, and locations of both nuclear and con-
ventional weapon explosions in the wildland areas adjacent to
urban interfaces. Ordinarily, such indirect effects will be
unimportant, the threat is nonexistant. 1In a few circumstances,
however, the potential threat shculd be recongized and an
attempt made to evaluate it. In qualitative terms, the con-
ditions accompanying the threat are the saze 25 in any peace-
time wildfire situation and much the same "spread/no-spread"
rules will apply. The wmain differences will te magnitude and
suddeness of threat development, and the pheunomenon of crown-
ing may occur in even the nanaged forest of Europe where it
rarely if ever occurs under ordinary circumstances. Never-
theless, this is strictly a problem for iimjted localities
and adds little to the overall evaluation ¢f collateral damage.

Because of the potential for movement of both injured
and uninjured people to avoid the threat of fire «nd the pos-
sibility of entrapment of survivors by fire, the dynamics of
fire spread should be included in any compreheansive analysis.
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Analyticai models for fire dynamics and speed exist but have not
been employed in this study because of the still uncertain
» . nature of the overall fire start threat.

In conclusicn, the fire threat to collateral damage must
be considered due to its possible important outcome. However,
the lavge uncertainties in the methodology and data base must be
further refined.

4.4 INFERENCES ABOUT FIRE PREDICTION FROM THE JAPANESE
EXPERIENCE
As a check on the prediction of fires, both to improve
the methodology and to enhance the credibility of the results,
some anzlytical estimates have been mads, independently of the
results of the postwar bombing surveys, of the fire damage in
the Hiroshima and Nagasaki attacks of Woxld War II. After
establishing the scenarics, including relating free-fieid Q's
to peak overpressures and distances from ground zero, we have
successfully forecast the gross features of the incendiary
damage within the uncertainties of the bombing survey results
(see Tables 4.6 and 4.7). Despite the cbvious differences be- }
tween the 1345 atomic bombings and any tactical deplcyments %
contemplated fir Western Europe *n the future, this seemed to i
!
§
i

po

oot gt

o

PRSI il i LSt

be a useful exercise because it represents a large extrapola-
tion from the "Five-City Study" ia the divection of tactical
yields, and it offers the only zeal examples of urbau rargets
impacted by the direct effects of a nuclear explosien.

et emerns

R L)

i The bombing survey estimates of fire damage wesulting

E . in Hiroshima and Nagasaki arc shown in Figures 4.12 and 4.13 as
functions of distance from gcound zero. Our calculated ore-

: dictions of burnout are shown iu the same figures for purposes

of comparison. Incladed also are the poedicted initial Iires,

indicating by differerce the contritution made by fire spread.
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A detailed analysis of the two affccted areas was not ;5
conducted We simply used average values of fire spread, 2
building density, and structural variables for single-familiy S 5 e,
residentlal arzas as derived from the Five-City Study.

For the Nagacaiii case, as shown in Figure 4.13, the pre- - 4
. dicted building burnout does nct agree nearly as well with the

l fire data. It is felt especially that the characteristics of 3
kY the structurcs, terrain effects, and other important scanaric ¥y
variables may have been much different than the "average

; residential area" variables that were used for predictions.

N

: The dameged area in Nagasaki was a heterogeneous complex of
{ varied topogrzphy, containing a wide range of building use h 35
1 classes and struciural types.
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5. PERSONNEL CASUALTY CRITERIA AND RELATED UNCERTAINTIES

5.1 RATIONALE FOR CONSISTENT CRITERIA

For air burst nuclear weapons, the principal injury mech-
anisms are

ionizing radiation, both initial and from failout
blast

thermal radiation,

debris from buildings

fires

with injury types generic to each of the above mechanisms as well
as injuries from combinations thereof. Each of the basic injury
types are considerably different, viz, cellular damage in the
hematopoietic and gastrointestinal systems versus physical wounds
and cellular disruption of the lungs versus external burns of
varying severity. Inasmuch as when the effects of sheltering

and injury severity are considered, no one injury mechanism cox
type predominates for the low yield tactical weapons we are con-
sidering in these civilian collateral damage studies, each injury
mechanism (as well as combined injuries) must be considered.

It is incumbent on the analysts (of the extent of collateral
damage to personnel from tactical nuclear weapons) to arrive at
injury eriteria that are consistent und intercomparable; like
the old problem of counting apples and oranges, burns, broken
limbs and depressed blood counts are not directly summable.

Hence, in this section, we will arrive at some injury severity
levels that avre comparable and that can be used to give an over-
all estimate of the collateral damage suffered by the civilian
personnel expesed to the effects of the low-yield tactical nuclear
weapon .
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5.2 IONIZING RADIATION
5.2.1 Introduction

The following discussion of the human response to ionizing
radiation is based in part on the work and recommendations of
the Armed Forces Radiobiology Research Institute (AFRRI) and
from outher sources inciuding analyses dene at the Army Nuclear
and Chemical Agency (ANCA), the School of Aerospace Medicine
(SAM), the Oak Ridge National Laboratory (ORNL), the Brcokhaven
National Laboratory and at SAL. It will be limited to con-
sideraticn of those facters pertinent to collateral damage esti-
mates (viz., civilians) and hence will not address such topics
as incapacitation, transient effects, nor suprzlethal levels.
These effects of military interest are being considered in dif-
ferent contexts by other appropriate groups (c.g.. AFRRI and ANCA).

We are limiting this discussion to acute effects over a
relatively short-time (<60 days). Chronic and long term effects
extending over years (and even generations) are equally important
1n order to consider the entire collateral damage picture,
but analyses of these will need to be developed in detail at
3 tater time. Moreover, we shall only consider the external
radiation from weapons and shall defer a discussion of internal
emitters {viz., falisut) to other reports,

As a further preface to the following, it should be noted
that considerable uncercainty still exists with regard to the

effects of ionizing radiation on humans. This is because radiation

at any level is considered to pe harmful thus preveating controlled

hunan exrerimentation. Extrapolatior of animal response data

1o man has inherent difficulties and inaccuracies. What human

data that do exist have either uncertainties in dose (Japanese
casualties) and/or non-uniformity of dose (raciation eccidents).
Where the dose is accurately known in Lhe case of medical
respoase data of very seriously i1l patients who were partially
or whbole-body irradiated (either in single or multiple doses)

in attempt to cure or palliate theiv disease, the nature of their
disease also confuses che interpratatfon of radiation effects.
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Respecting these difficulties in deriving human radistion response

we shall strive to document some important dose/response data and
their principal uncertainties in order to provide bracketing
values for estimation purposes.

5.2.2 Basic Considerations

Thevre are a few fundamentals of radiation exposure, energy
deposition and biological response that should be considered
prior to any detailed discussions of human response to ionizing
radiation.

Radiation Units

The Roentgen (R) 1s a unit of air exposura, i.e., the quan=-
tity of ionization in air. Its application is particulariy
important with use of ionization chambers te measure the level
of radiation exposure. The rad is a unit of absorbed dose
(100 ergs/gm); it is related to the Roentgen by means of the mass
energy absorption coefficients which are radiation, energy and
material depandent. For x- or y-rays of 0.1 to 4 MeV, 1 Roentgen
of exposure produces about 0.95 rad of deposited dose in a
small sample of muscle. Because most radiation is exponentially
attenuated in matter with mean distances the crder of human
dimensions, the mass attenuation must be considered when converti
from exposure tec absorbed dose at depth; e.g., 1 Roentgen of
photons from a weapon would produce about 0.65 rad of mid-line
body dose (standard man) and about 0.70 rad of mid-head dose.

For neutrons, air exposure has no meaning so that absorbed dose
must be used. Moreover, the dose of secondary gamma rays pro-
duced by reutrons interacting with a body contributes to the dose
at mid-line or mid-head so there is no simple relationship be-
tween these doses and the absorbed dose in a2 small tissue sample.

One quantity that is often used is the tissue kerma (units
cf rads) which is defined (Ref. 5.1) as the kinetic energy of all
charged particles liberated by indirectly ionizing particles per
unit tissue mass. Kexma and absorbed dose differ only slightly
at Jdepths where charged particle equilibrium exists and brems-
strahlung losses are negligible (Ref. 5.2). It is only at
and near a tissue-air interface, where the dose buildup region
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is located, that kerema and absorbed duse differ significantly.
Its application is particularly useful in calculations in-
volving complex, mixed spectra that might result from fission
weapons. We shall use tissuve kerma (free-in-air) as our basic
calculational unit and, for our purposes, there is no significant
difference between it and absorbed dose.

Relative Biological Effectiveness

All ionizing radiations produce the same types of biological
effects, but the extent of response (or damage) in terms of
absorbed dose varies with the tissue or organ irradiated,
radiation type. tctal dose, dose rate, and magnitude of the
etfects (or damage) as well as other possible factors. The term
relative biological effectiveness (RBE) is used to relate the ra-
diation dose required to produce an effect to the dose of a
reference radiation (Co’~ or 200-250 kVp x-rays) required to
produce the same effect. For the same radiation, there can be
a variety of values for the RBE depending upon the variables
noted above. 1t is further complicated by the shape of dose-
survival curves and the phenomena of "recovery and repair®.

A& highly significant factor in determining the RBE of
raciation in a particular circumstance is the linear energy trans-
fer (LET) of the radiation. LET is most simply defined as the
energy deposited “locally” per unit path length as the radiation
interacts with the matter of incerest. Its units are usually
reV/ye or Hev-cmzig. From cellular and smail animal radiobiologicai
experimerts, we know that RBE is a relatively complex function of
LET. Frem cellular studies, the RBE has a waximum at a LET
siightly above 1000 Mcv~cm2/g (carbon iuvns) (Ref. 5.3). The
magnitude of this mauimum decreases with severity of the injury.
For weapon radiations, the gamma- and x-rays have an RBE of
1.0 (by definition); the neutrons interact with matter by
elastic and inelastic collisions and other nuclear reactions
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. resulting in recoil protons and heavier ions - hence a very
b cemplex LET spectrum. lHigh LET radiations (>35 MeV-cmZ/g) E
¥ such as neutrons have RBEs of 2 to 4 for sub-lethal dermal re- 3
sponses (e.g., skin erythema)and small animal lethalitywith higher
RBEs (10+) for long-term effects such as cataract formation

H (Ref. 5.4). However, there is some evidence that, for large-

. animal acute/lethal effects, the RBE of neutrons (Ref. 5.4) is
3 closer to 1.0. For supralethal effects (Ref. 5.5), the neutron
RBE (mixed fields with n/y ratio of 0.4 and 3.0) is not differ-
ent than 1.0. Conservative recommendations for neutron RBEs have
been made for protection purposes (Ref. 5.6) which range from

2 to 11, depending on neutron energy. But for the acute, short-
term effects we will be considering here, we will accept the
recomrendations of AFRRI (Ref. 5.7), ANCA (Ref. 5.8), the Space
Radiation Study Panel (Ref. 5.9) and othexs (Ref. 5.10). These E |
recommendations are that, in the absence of better data and ;
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analyses, the neutron RBE be considered 1.0, not because it is
exactly 1.0 but because there iz no more acceotable value.

| Proper Dose Index

Because of the variation of deposited dose across a human

el
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= | {factor of 2 or more for 20 ¢m) and because the vital organs ) .
(i.e., marrcw, GI track. cardiovascular system, brain, etc.) : &

affected by radiation are located at different depths, it is k-
o nearly impossible to assign a single number (exposure, absorbed k'
dose or otherwise) upon which all human radiation effects may

be based. This effect is much larger for ncutrons than gasma 1_-‘
E: rays. However, some dose indices have been develaped in an {%7
= attempt tc provide g means for inter-comparison and prediction. g?
- B These include {Ref 5.1G): o
. 2 s Exposure ir air - Roentgens f
' vf{ e Tissue dose or kerma free-in-air - rads i‘i
. e First-collision dose - rads é,g
e Mid-line body - rads

o

¢
{u

5

o

bty ,\“’ K

vy
N .
{ »
et Vs AN A, s

W

[Tt ‘");:,

R




PRy

o Integral dose - grams-rads
Specific organ dose (e.g., skin, marrow, gonads, etc.),
integral or differential - gram-rads, rads, etc.

The use of any of these indices as a means to quantify radiation
injury may only be appropriate under circumstances where other
variables relating to the radiation exposure conditions are either
known or within certain prescribed limits. For example, mid-line
body dose is thought to be most appropriste when considering
lethality. However, che mean lethal mid-line body dose for whole-
body exposures for dogs is 20% higher for dogs irradiated uni-
laterally versus those irradiated bilaterally (Ref. 5.11). This
effect would be even greater for human exposures. Likewise,
oxposure or kerma (free-in-air) cannot be used for children

or extremely large adults without considering the radiation
attenuation effects which would underestimate the mid-line dose
in the former and overestimate the mid-line dose in the latter.
Some work in progress to correlate the results of irradiation
experiments to detailed calculations of the dose received by
blood forming (rad marrow) regions is described below in

Section 5.5.

For neutrons or mixed neutron-gamma fields, the relationship
between mid-line absorbed doses and tissue kerma (free-in-air) is
not a single multiplying factor for several reasons (Ref. 5.8 and
5.10).

o Neutreons are more highly atteruated in tissue than

gamma rays.

e Neutrons in interacting with tissue produce secondary
gamma rays which produce mid-line dose.

e If the RBE for neutrons is believed different from
1.0 then the neutron and gamma dose at mid-iine raust
be considered separateliy.

» Neutron spectrum differences affect both the attenua-
tion and secondary gamma production, although these
differences are less significant at larger ranges.

Hence, the conversion frow mid-line doses to tissue kerna for
neutreons must be done for each particular situation and not
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ascribed a single facter as in the case for gamma-rays. For a
simple fission spectrum at ranges beyond several hundred meters,
mid-line dose is approximately 0.45 of the Svee~in-air tissue
kerma. This factor ircludes the secondary gamma-rays. Without

the secondary gamma-zays, the ratio would be approximately 0.27
(Ref. 5.10).

Non-uniforn irradiations (e.g., haif-body) can result in
mean lethal integral doses (gram-rads) as much as four times
larger (Ref. 5.12, 5.13) in dogs than for uniform whoie-body
doses. Indeed, some cancer patients are presently being given
more thar 3 times lechal whole-body doses in a treatment protocol
that calls for a single dose of up tc 1000 rads (mid-line de-
Jivered to one-half of the body follownd 30 days later by 1000
rads (mid-line) to the other haif) without severe side effects
(Ref. 5.14).

Likewise a totel treatment dose in excess of the 99% lethal
single dose can be given to patients over a protracted perioa of sev-
cral weeks without producing lethality (Ref. 5.15). Hence, it is
extremely important to qualify the use of any one of these
indices as the sole means to assess radiation injury. For che
purpcses of this discusison, we shall use mid-line body dose
in rads or tissue kerma (free-in-air) in rads with the Zfollowing
constraints (unless otherwise noted):

short irradiation period (<<l day)

nuclear irradiations (y-rays and neutrons from
conventicnal, low-yield, unenhanced fissicn
weapons

e uniform, whole-body, unilateral irradiations

Shielding Protection Factors

Structures can provide considerable protection from initial
auciear radiation. The degree of protection can vary substantially
with the type of structure and the person's exact location within
the structure. For a variety of structurc types, proiection fac-
tors have been developed (Ref. 5.16) as previously given in Table
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4.1, A more recent analysis for European-type residential
structures had derived variztions in radiation protection
factors (KRef. 5.17) as shown previously in Table 4.2, More
analysis is required to zrefine the protection factors and
derive realistic sheltering postures for people within these
structurcs.

5.2.3 Kadiation Injury

Radiation effects on man may be categorized in a nurber of
different ways. Langham {Ref. 5.18) proposed dividing the
effects into 'somatic" and "genetic," where somatic effects
appear in the individual irradiated and genetic only In progeny.
As noted in Section 5 2.1, we are not considering genevic ef~
fects at this time. Somatic effects can be subdivided into ;
early (560 davs) and late effects and each further caregorized

(Ref. 5.18).
Early Effects

e Skin erythema and moist desquamation
Prodromal response (radiation sickness)

-gastrointestinal (anorexia, nausea, vomiting, diagrhea,
intestinal cramps, salivation, dehydration and weight
lose)

-neuromuscular (easy fatigability, apathy or listless-
ness, sweating, fever, headache, and hypotension fol-
lowed by hypotensive shock)

Hematological depression
e Early letbality
Decreased fertility and increased sterility




)

o

R L T

A Ko A e~

Late Effects

Permanent or delayed skin changes
Increased incidence of cataract

Increcased incidence ~f leukemia and otuer neoplastic
disease

Again, as noted above, we will not be considering late effects
in this discussion.

The mean dose to cause skin erythema (reddening) is 2n
the order of 575 rads (Ref. 5.19) and moist desjuametion aven
higher. For the penetrating weapon radiatious (excluding €ull-
out beta emitters) we are considering, this dose at mid-lipe is
more than lethal. Hence, these skin effects -- alchough of
medical interest -- are accompanied by the much more serious
effect, lethality. We will not ccnsider them further.

Decreased fertility and increased sterility are further
effects we will not consider due to the lack of apparent mani-
festation of the condition in the irradiated individual.

Summarizing, we are left with the following early radiation
effects to consider:

Pradromel response
Hematol-gical depression
e Early lethality.

These dre to be considered within the following injury hierarchy.

¢ ton-apparent or latent injuries usually long-term or
genetic - not considered here as noted above

® apparent (symptom) injuries but not sericus encugh to
require intervention by another individual

burdening (Ref. 5.20) injuries which reguire aid from
ancther individual. especiatly the healch care system

lethal injuriex.
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Both apparent and lethal injuries havz definitive symptoms and
end-points, whereas a burdening injury level is a difficult

quantity to develop but with immense import because of the im-
plications it has on the quantity of health care necessary to 3
care for the individuals irradiated. As an extreme example, 3
100 people inflicted with burdening radiation injuries in a city
of 1,000,000 could be easily cared for One hundred thousand

people in the same city with apparent symptoms of radiation in-

nauseous) without causing major stress on the city, but 100,000

.

1
1
f
; jury but not requiring assistance could stay at home (and feel 3
|
]

inflicted with burdening injuries could not possibly be cared
for in any organized, rational manner. The concept of burden-
ing injuries thus has atility, although it has been properly .
criticized as being difficult to define (Ref. 5.21, 5.22). ;

Symptom Dose
Symptomatic manifestation of radiation effects has been of

orime concern for the manned space program. Considerable studies
and analyses have resulted from NASA encouraged work (e.g., Ref-

3 erences 5.19, 5.23, 5.24, 5.25, 5.26 and 5.27). <Col. Stromberg X
bf} (Ref. 5.21) of AFRRI suggests that the recommendations of symptcm 3
. = doses made by the Space Radiation Study Panel (Ref. 5.19) in 1967
: :t1 are still valid (see Table 5.1). Collectively, the sywptoms of
MO anorexia (loss oi‘appetite), nausea, vomiting, fatigue, diarrhea,
* etc., make up che prodromal response (Refs 5.25, 5.27 and 5.28)
.0y whizh. at a low enough dose, will be all the individual suffers
T but which ar a higher dose, wiil be & prelude to acute radiation B~ .
- sickness and lethalitv. i
"y{ It should be noted that z number of mean symptom doses i
' ;‘ (SDSO) given Zn Table 5.1 are the same order of magnitude as %
:? threshold lethality (LD10/60)' and lethality is nearly always ;
E !

! . accompanied by most of these sympioms. Hence, one should esti-
i mate the pevcentage of an irradiated group of individuals that
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would exhibit symptoms only, . it not requiring i1edica: asslistance,
by calculating tne totalL number for a particular symptcin and
subtracting the number estimated to have either burdenin~ oU
lethal injuries.

Burdening Injury
The concept of burdening injury was introduced years ago

by civil defense authorities to enable defense planners tuv «sti-
mate a possiblz burden that would be placed on the health care

system and survivors in general. Dr. White (Lovelace and 1w

OMRF) and others suggested (Ref. 5.20) that the concent might have
validity when considerirg collateral damege. A consideration of
lethality a'onc lacks completeness, and the consideratiou of specific
symptoms, although readily quantifialle, does not directly estabiish
the stress placed upon the community, particuiarly if casualties

are produced by several different weapon effects (whizh pooduce
different symptoms). Tha difficulty of the burdening injury

concupt is the uncertainty in avriving at meaningful numerical
values to describe it.

The dose required to produce a turdening injury is somewhat
above the threshold of occurrence of the symptoms of radiation
sickness and is obviously below lethality. Figure 5.1 slows
probit plots of the radiation symptoms and prodromal responses
given in Table 5.1 along with a lethality curve (derivation to be
discussed in che next section). From this figure, the mean
burdening level (BDSO) should lie somewhere above 100 —ads
(m1d-line) and below 250 rads (mid-iine).

Hematologiczal levels are prim: indicators as to the general
well-teing of individuals exposed to jonizing radiation in doses
below about 1000 rads. Especially important are the depression
of the neutrophils (help resist bacterial invasion), lymphocytes
(help prevent infection) and platelets {assist with blood clotting)
as well as the white blood count (WBC) in general. Moreover,
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the curvival of tae ster cellz (resinnsibli for repopulation)

“s critical 2vew thougt only a small fraction (v16%) c¢f the total
Lone marrow is required to supply an adeguate quantity of blood
celrv. [lotted ir Figure 5.2 are the pe:centage hematologic
ragre {lowest puiats follewing ar ixradiatio.) for several
peripberal oloo? e’emente (Refs. 5.4, 5.1i9, 5.26 and 5.29). Dr.
Lushb~ugh (Pef 5 30) feels there may be sigirficant inacecuracies
in tl:1 data anzlysis of Langham (Ref. 5.19% as plotted in this
figure Dr. Lushpaugh’s W3C Jata is based upor the melti-variant
analysis of “ae clinical obsesvations cf 92 jatients irradiated
with vhals-b sy exposures (Ref. § 5, %.36). Incicated also zre a
number o~ levele of seriousness for lepression of blood levels
(Ref 5.4, 5.31). Clinical support may be requizod at doses
avove 75 raos (mid line) and certainly adove 2J0 rads (mid-line)

I

T R S

»

‘e F.RP recommendations and aniulvses provide further in-
sight 43 1o the magnicude o€ the burdening levei (Ref. 5.32).
They irdizate that less than 5% would require medical care for
expusutes bciveen 50 R and 200 R, "most" would require medicai
care betw~-n 200 R anc 459 R; and that .70 R is regarded as the
dividiag itine between doSes that wiil ard will not require
wesical care.
ir .uwmmarr, the following statsments mav Le made about the
wtgaitade of burdening levels:
Exposure(a) Mid-Line Des~ . Tissue 5e;ma<a)
(Roentgens (raas) (free-in~air)(rads)
Prodaomal & 154<BD50<385 100<Br30:250 146<BD50<365
SYTPCOmS
ggmg::iggifcl BDLO>115 3D10>75 BD10>109
cpression: 8D <308 B, y<200 8D, <293
Otker. BD)G’ZOO BD50=13G BD50=190
BD, >0 BDOS>33 BDOS>48

05
BD99<450 BD99<253 BD99<428

) . - . s
(a’Noﬁ appropriate for neutrcns 2r mixed neutron-gamme fields,
Se2 Section 5.2.2.
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On the basis of the above and as plotted in Figure 5.3, we estimate
the following characterization of radiation burdening levels:

ii : :
- Tissue Ketma(a) Exposure (a) Mid-Line Dose : 3
g ; (free-in-air) (rads) (Roentgens) {rads) § 3
e 3
K BDOl 150475 158 103 4
4 3 ED) o 175 184 120 3
zi’ BDSO 200450 211 137 =
BDg, 255 268 174 E
, i : BDgq 300+30 316 205
. .S

@yor appropriate for neutrons or mixed neutrson-gamma fields.
See Section 5.2.2. 3

The BD probability curve shown in Figure 5.3 was skewed at low ;
! prcbabilities towards higher doses and at high probabilities k.
towards lower doses in recognition of the fact that the prodromal
response at higher doses will be a precursor to fatality and at
the lowest doses non-burdening symptoms alone will appear.

Thic ts consistent with the statement that whole-body exposures =
“E of less than 100 R would nor likely require medical attenticn 3
: (Ref. 5.33). :
f} Lethaliny ?
'f‘l The mean-lethal prompt radiation dose (LD50/60) for a ?
.'4 normal, healchy, young adult in the absence of medical treatment 3
. has been a subject of conjecture since shortly after radiation
-8 was discovered (sec for example, refs. 5.4, 5.19, 5.32 and 5.33). i

Lhh e

As noted in the introduction, what humar radiation biology
that is known is principally the result of accidents, war and

aend s,

A therapy of sick patients.

Mammalian radiation iethality is characterized by three
| syndromes depeunding upon dose (Ref. 5.34):

e Hematopoietic syndrome - whole-body doses of less than X
500 rads g

¢ Gastrointestinal syndrome - whole-body doses between
aboutr 500 and 2000 rads
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?; e "Central nervous system" syndrome - whole body doses above
b 2000 rads

B

i Although these syndromes are important zonsiderations to the

physician and are of fundamental interest to the radiobiolegist.
. our present concern is not with the mechanisms of radiation
zl lethality but rather quantification of lethality versus dose.

3 Where the mechanisms of lethality can become important is when

& comparing radiations of differing quality, e.g., y-ravs versus
i neutrons and widely varying mixtures thereof. Then the dose
, to specific organs becomes important, ec.g., bone marrow and
, spleen for the hematopoietic syndrome, Gl tract for the gastro-
intestinal syndrome ana the cardiovascular and CN3 systems for
the "central nervous system" syndrome,

o oo o 1y
e e et

Col. Stromberg (AFRRI) has suggested (Ref. 5.21) that the
Space Panel 1967 analysis (Ref. 5.19) of lethality for "normal
man" is still valid and that there are nc more receat analyses
that would invalidate the earlier work. Their mid-ilire dose
values for a normal distribution are:

+
]

LD10 = 220 rads
LD¢q = 286 + 25 rads )
s LD90 = 352 rads
E: There is another recent study, the so-called "Rasmussen Report”
?' on reactor safery (Ref. 5.35), that considered all lethality
3 data to date including the medical whole-bedy irradiations.
E Their values for lethality with minimal medical care are
: LD10 = 255 rads
= LD50 = 340 rads )
X L090 = 430 rads. '
3 The mean lethal dose value is about 207 higher than the Space !
.?! Panel values. We have chosen to use values slightly above the
. Space Panel's recommendati-ns but below the reactor safety study.
J 5-18
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Accordingly, we feel the errors should be increased somewhat and
teel the confidence limits for the LDyg and L090 are still not

'i well justified due to the paucity of data at these levels. Our
! % recommended values are- N
ffé Tissue Kerma(3) %
- H Exposure( ) (Free-in-air) i
¥ Mid-Line Dose (rads) (Roentgens (rads) i
M H
g by 23C+50 365475 338+75 i
. LD50 300435 463+50 460450
E ¢ ngo 370435 570+50 540+50 i

@yor appropriate for neutrons or mixed neutron-gamma fields.
See Section 5.2.2.

v b A

It should be emphasized that the above are for whole-body irradia-
tions of a "normal man". There are a number of modifying factors
which will be discussed below.

5.2.4 Modifying Factors and Special Considerations

There are considerable numbers of factors that modify the
prompt, whole-body Lbgy and BDSO estimates for "normal man"
and wany cases for which the specific values do not apply.
In this section, we shall address a number of these facters but
mostly as they relate to lethality. It has been nearly impossi-
; ble to dev:iop quantitative factors that would wodify burdening
. levels. For the time being, we can only assume they are of the
l same magnitude as those for lethality. i

Medical Care

The mean-lethal doses developed in Section 5.3 are for the
case of no or "minimal" medical care. The reactor safety stuly
{Ref. 5.35) defines three levels of medical care-

e niaimal - little or ncne

supportive - reverse isolation, large doses of anti-
biotics and blood transfusions to control infection
and bacterial invasion

- & herolc - extraordinary measures such as bone marrow
traneplantation.
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"Supportive” care can be provided by most urban and some rural
general M & S hospitals, especially those with facilities for
kidney transplants. It is estimated (Ref. 5.35) that there are,
within the US, over 400 hospitals that could provide this level of
care. There are presently eight medical centers in the US doing
bone marrow transplants and could provide "heroic" care. It
should be noted that medical care for those irradiated indivi-
duals that have 2 chance for survival with quality medical care
need not start for 5 to 20 days after their exposure. The
detail< of treatment for radiation injury and bone marrow trans-
plantation are found elsewhere (e.g., Refs. 5.35 5.36 and 5.37}.
The reacter safety study recommendations (Ref. 5.35) for lethal
levels under the three levels of medical care are as shown in

e s arh—— .

Figure 5.4. 1t is suggested that "supportive" care can increasze
the mean lethal dose (LD50/60) by 507 and “heroic” care by

a factor of 3. Stromberg (Ref. 5.21) of AFRRI also suggests that
“supportive" or "neroic” medical treatment would probably increase
the LD50/50 by 2 to 4 times. Presumably, the l.D10 and LD

90
values would be similarly affected.

Partial Body Irradiation

The human body has the remarkable ab:lity to repair injury
and to recover from assault by external agents. The hematopoietic
(blond forming) system is no exception. If tha marrow stem
cells are not completely destroyed by ionizing radiation, and if
wnfection and bacterial invasion is controlled, the remaining
stem cells can repopulate and the individual recover. Cnly
sowe 16% of the stem cells are needed to supply sufficient blood
cells. Moreover, stem ceils in one portion of the body can
repopulate areas in other portions of the body where the stem
cells were irradiated.

inasmuch as the blood forming marrow is distributed
throughout the human skeleton (Ref. 5.28), a parctial-body or a

5-20
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non-unifonn irradiation that left significant surviving por-

cions of the bone marrow would not likely result in the hemato-
poietic synarome and lethality. Indeed, dog experiments (Refs.
5.12 and 5.13) have shown that the LDSO/30 increases by a factor
Of 7.1 for partial-body icradiation above the xiphoid process

and a factor 3.4 below. The unilateral versus bilateral irra-
diations (Ref. 5.1!) increased the mean-lethal mid-line dose

by 207% In huran radiation therapy trials (Ref. 5.14), individuals
have been irradiated in single mid-line doses ol 600-1000 rads to
the upper body (above the xiphoid orocess or umbilicus) with
non-fatal radiation sickness occurring usually within one hour.
Irradiations to the lower half body with the same doses produce
few or no side eflects associated with the prodromal syndrome.

In most instances tbe two irradiations (upper and lower) were
separated by about 2 days.

On the basis of tie above experiwents and human radia-
tion therapy, we conclude thar the unilateral radiation would

q
-

1

require 1.25 fg'

cimes the dose as bilateral (or uniform)
exposure.

By comparison of the onsets of prodromal syndrome in
those patients subjectad to half-body irradiation (Ref. 5 14) with
what would be expectced in whole-body exposures, we can obtain
some idea of the magnitude thet partial body shielding might
have tor induction of radiation sickness  Forxr the upper bodv
irradiations, prompt radiation sickness wss nearly always pre-
sent; hence the 1000 rads (mid-line) might be equivalent to
BD90 (174 rads mid-line for whoie-body} or 5999 {205 raus).
This would mean thar about a factor of 5 increase in dose was
required for approximately the sawe severity of radiaticn
sickness.




. o
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For the lower-body irradiations, a similar analysis
actributes the lack of severe radiation sickness to a BDIO
(120 rads mid-lire for whole-body or perhaps BDSO (137 rads).
The gain would be about a factor of 7.5

The factors of 5 and 7.5 are roughly comnarable to thore
observed for changes in the LDSO's for the partial dog irradia-
tions, aithough che eznatomy is quite different and cannot Le
used as a good estimate for humans. Qur best estimates of the
effect of partial-body irradiaticn for radiation sickness are:

Mean-Burdening Doses

BDSO) Upper BRody Lower Body

Mid-line (rads) 700 & 250 i00¢ = 300

Exposure (Roentgens)(a> 1075 + 400 1525 & 450

Tissue kerma¢® (rads) 1025 + 350 1450 & 450

(a)Not appropriate for neutrons or mixed neutron-gamma
field. See Section 5.2.2.

For lechality, very little information orher than the partial
dog work is known. Moreover, the partial body therapeutic irradia-
tions of 1000 rads (Ref. 5.14) are obviously not lethal. Hence,
with the lack of any further iuformation, we assume the factors of
5 and 7.5 for radiation sickness are similar for lethality with
large uncertainties. Our best estimates for lethality are.

Mean-Lethal Doses

-———1&250/601—-—- Uppexr Body Lower Bodv

Mad-line (rads’ 1500 +1990 2200 + 900

Exposure (Roentgens)(a) 2360 +légg 3400 - 1400

+100C
-40"

Tissue kerma(a) (rads) 2204
¢

3280 + 1500

a)NOL appropriate for neutrsuac oc¢ mixed neutron-gamma
field See Seciion 5 2 2

Qviously, irradisti-ms over less than half-body would result in
doses consiovradbly hagher than these figures, and irr diat
greater than half-bdudy wou.d h (loser & those for ul.sie




What interpolation or extvapolation techniques should be used
for these intermediate values are unknown.

Fractionation and Time Dependence

£ For cases vhere individuals receive mulriple irradiations
separated by perinds of time, the radiacion effects are not
completely additive. The human body has the ability to initi-
.:x zte repairs in pariods of less than a day. The Ellis formu-
AN lation (Ref. 5.39) of normal tissue response to fractiorated
radiation is well founded in human therapy trials:

i Ep = wsp §0-24 0.1

3 whers TD Is the total dose given in F fractions over T days

o3 reguiicd to produce the same biological effect as the nominal

® 3 sitgla dose (NSB). The vilidity of this formulation for le-
thalicy is unknown but is not significantly different from formu-
lations for rhe effectiveness nf piofracted continuous irra-
diationg. For two equal doses separated by various periods

the nominal single dose (NSD) is plotted in Figure 5.5.

Special Populations

In most species, females are slightly more radio-resis-
2 tant chan males. No guautification of this effect is avaii-
abie. However, it is known that in utero irradiation of a

R ferus has varying sensitivity rhroughout the period of gesta-
ci~n (see ¢.g. Refs. 5.36, 5.35, 5.4 and 5.41). Westerm

i Euvopean and U.S. birth rates are such that now only a little
sore than 2% of the female population is pregnant at any given

time

| For the first tcimester of the pregnancy lethal doses

| te the fetus are quite low. The LD01 and LDSO as reconmended
by the Reactor Safety Study (Pef. 5.35) are plotted in Figure

5.6 Although the dose of 1Dg, is quite low snortly after

TN SATE NN A Mt
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corception, operatio.al reality asks the question: "“Who would ’
even know if a way-s1d fetus was killed?"” On the other hand, o
abnormalities and deforwaties induced by radiation in fe:uses :
that come to {ull-term will be readily apparent--not apparent s
will be genetic effecce, increased mortality during the first §

year of life (Ref. 5.41), enhanced susceptibility to cancez,
etc.

During organogenesis (3r+ ro 6th weck of pregnancy) gross
abnormalities of the human fetus can be produced bt small radi-
ation levels. 1Indeed, discussions regarding tht rapeutic abor-
tions following expesures as little as 10 R have been made
(Ref. 5.34). Quantitutively, reduced head size has been studiec
for Hiroshima and Nagasaki survivors irradlatec in utero in the
first 17 weeks of pregnancy (Ref. 5.42). ‘The mean dose for <0%
probabiiity of reduvced head size was about 170 rads, and 19%
probabi*ity was between 10 and 20 rads. We thus assign to the
production of non-fatal cbnormalities the following in utern
irradiation levels:

(a)

Midline EXPOSUfe(a) Tissue kerms

(rads) _ {Roentpens) (rads)

- +10 +15 +15
EDyq 15 75 25 73 20 75 4
EDgy 150 + 25 230 : 40 220 + 35 :
EDy, 290 : 75 450 + il5 425 + 110,

7
‘a)Nut appropriate £or neutrons or mixed neutron-
couma fields. See Section 5.2.2.

Radio~sensitivicy is higher in young and old mammais chan
in full adulthood (R2f. 5.34). This effect is thoughi to be
present in man (Ref 5.43) but unverified by experimental data.
Th~ LD50/30 in mice {xef. 5.43) is about 25% less £or ycung
and ol¢ than for full adults. The LDSOI30 for young rats is
aboat 7C% lesy and for sld rats about 30% less than for full
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adults (Rei. 5.24). Extrapolation of smail animal data te man
1s very tisky, vut some special consideration must be given to
the children and aged of a civilian population.

The plotrs of the rat and mice lethality data versus
effective human age are plotted in Figure 5.7. Our estimates
far man are chosen to follow the general trend ot the small-
animal data. The distribution is for an entire population. 1In
any given location it will be different; and, in a period of
crisis, it is very likely to be different. Moreover, changes
in birth rates in the U.S. and Western Zurope will modify this
age distribution in the future.

There are wide-ranging differences in LDy, between var-
iouc species (contributing to che difficulty of extrapolating
animal results to man), but there are even significant dif-
ferences in radiation sensitivity between strains of the same
species (Ref. 5.34). LD50 differences (Ref 5.44) in 6
strains of mice give a standard deviation o. /% and maximum
deviation from the average of 13%. We have no way of relating
this to human radiobiology but will assume that these dif-
ferences are contained within the uncertainties of the
1050/60'5 developed carlier.

Other Msdifyineg Factors

Health status, diet, endocrine status, fatigue and
lowered remperature are factors (Ref. 5.34) that affect the
value of LDgq. but the effects for man are unknown. Even for
animal studies, therc are very little data available. Hence,
we will not at this time attempt tc apply such data to man
There are, aowever, two effects that require some discussion --
reduced oxygen and chemical agents.
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It is well known that reduced oxygen decreases radiation
sensitivity (see e.g., Refs. 5.3 and 5.34) and that the oxygen
effect is LET dependent; i.e., high LET radiations show less
dependence upon oxygen tension. A decrease of oxygen pressures
1 at 257% of the normal pressure results in an increase in LD50 for
animals by a factor of two. This reduced pressure would corres~ ;
pond to an altitude of about 34,000 feet. Humans are not nor-
mally subjected to this amount of oxygen reduction. The func-
tional dependence of the LDSO on oxygen pressure is unknown; but 2
presumably the effect on mountain climbers, pilcts and others at
high elevations wili probably be less than 30% (semi-log inter-

polation).
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Chemical protective agents have been studied for some
time (e.g., Refs. 5.3, 5.9, 5.34 and 5.45). Dose reduction
factors DRF (defined as the ratio of the dose to produce an
effect in the presence of the compound tc the dose required tc :-
produce the same effect without the compound) as high as 2.7
have been noted for lethality (Refs. 5.29, 5 46). However, £
these compounds have not yet been approved for widespread use
due to their high toxicity. Morecver, at this peint in time,
it is not reasonable to assume that a civilian population would
be provided with protective agents prior to any irradiation.

We will not consider this protection mechanism further at this
time except to note that ethyl alcohol offers some protection 7
from radiation (Ref. 5.34) -- human dcse for significant pro- ;
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- 4 tection would be about 1 liter of Vodka.
o 5.2.5 Summary 5

A summary of estimated radiation effects on men and

uncertainties are given in Table 5.2.

N " 2~ A0
£ TS A




bt s i rataty

Table 5.2. Summary radiation effects on man.
(tissue kerma, free~in-air, rads) (a)

%
. i
. 3
Sveptozs : 5310 5350 SDgo ?
:
Anorexia +90 +55 +75
(within 2 days) 1y 175293 350055 i‘
Nausea +75 - 150 H 3
' {within 2 days) 35-35 25¢ = 60 456-75 i E
i ~70 +100 +240 E
Vozitin, 75 315 ¢ 555 g
i ! \w‘l:hms’.’ days) -75 -65 -110
ol
i 1\ Fatigue -100 +115 -325 9
i (vithin 6 weeks) s 26535 $34% 5
4
Diarrhea +55 ~180 +355 %
§ (within 6 veeks) 125,90 359 80 370346 i
F;
burdening §21° §—D-50 ng
18 Whole-body 175 = 65 200 « 50 255 + 50 <3
. ::‘ Partial-body (upper) 900 + 450 1025 = 350 1300 + 250 3‘
% Paztial-body (iower) 1250 + 600 1450 + 450 1850 + 450 P
B Lethality Byp 250 Lgp E
3§ Whole-bodv (zin care) 338 5 75 420 + 50 560 2 50 3
-’ Whole body (supp care, 510 = 150 660 + 100 810 = 100
Whoie bosy (heroic cara) 111 = 650 1320 + &30 1626 = 450
. +1100 +1000 +1000 .
: ! Parzial-body (upper) 1700_¢00 2700_400 2200_;60 ;
:i Parz.al-bodv {loaer) 245021500 32001300 390041309 i b
~34 in-utero (1s: tricester) 40 . 156 ;
i {varies with time-<set Fig 5 €) 40 - 250 8¢ - 325 115 - 405 :
; Unilazeral ve  Bilateral x 1 zs:g g :
3 ' Age Distridbation % 0.66 -« 1 0 . £
7 Sex Fo>¥ -
3! B
5y Other EL, EDg E20g 5

Non-fatal abiormalicsies for
i wsexey (¥sT 17 wecks o2
Pregrarcy)

Caemical Proteczive Agents

Oxygen (1« 0CO f¢)

e approprisve for neutrons or mixed neutron-gamza fields. Mid-line
dose: nust be cunverted on basis of spectrum and neutron-gamza ratio
o tisaue kerma. See Section 5.2.2.
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5.3 THERMAL RADIATION i

5.3.1 Introduction

The following discussion of the human response to ther- 3
E mal radiation from nuclear weapons is based in part on the work ;
_{: and recommendations of a number of groups inciuding the Naval

E ¢ Material Lab (Brooklyn), the Naval Surface Weapons Center

%, (White Oak), the Army Nuclear and Chemical Agency (ANCA) and the i
:' Lovelace Foundation for Medical Education and Research as well b
i as SAI. This discussion will be limited to consideration of the 73

factors pertinent to collateral damage estimates (viz., civilians) P,

§s and hence, will not address such topics as incapacitation. Effects ;
"g of military interest are being considered in differing contexts -
%; by other appropriate groups (e.g., ANCA). =
it We are limiting this discussion to acute effects over a ?
3 relatively short time (¢ 60 days). Long-term disabilities and E
3 treatment (skin grafts, etc.) extending over vears are equally
4 important in order to consider the entire collateral damage 3
picture, but analyses of these will need to be developed in B

X

detail at a later time. Moreover, in this section we shall

"y

T 2

only consider the thermal radiation effects from weapons re-
sulting from flash burns or burns through clothing; burns
caused by fires ignited by the nuclear weapon were discussed N

e

Y

- e a4
<

in Section 4.3. .

The relative importance of thermal radiation in the pro-
duction of nuclear casualties has been determined by analysis
of the Hiroshima and Nagasaki Japanese casualties. For these
- particular cases (12.5 KT and 22 KT), the following distribu-
tion of casualties was noted (Ref. 5.47):

4%,

i
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Burned 427,

Not burned but with other injuries 58%
Mortality in burned patients 19%
Mortality in unburned patients 6%.

However, there are considerable uncertainties in the production
of casualties by thermal radiation from nuclear weapons. These
will be discussed below. The latitude of variations due to
shielding, clothing, etc. is such that the military does not
use thermal criteria for nuclear weapons employment considera-
tions and considers thermal casualties to be a "bonus effect”
(Refs. 5.48, 5.49). Respecting the difficulties in predicting
thermal casualties, we shall strive to document estimates of
the primary effects and modifyving factors, along with estimates
of their principal uncertaintiec, in order to provide bracket-
ing values for collateral damage predictions.

1A Y1 s AR, ok S VP

5.3.2 Basic Considerations

For the purposes of this report, a burn is defined as

the irritation, injury, or destruction caused to tissue by ex-
posure to excessive heat. In this case, the thermal energy
component (20 to 40% of the total energyrelease) of the nuclear
weapon causes either direct flash burns or contact burns due to
heated/burning clothing. All effects discussed here are assumed
to be independent of type vf weapon, fusion or fission.

SR s e -
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Burn severity is classified as first degree (1%, char-
acterized by immediate pain but reversible tissue injury '
similar to sunburn, second degree (2°), characterized by pain
with damage to only part of the skin thickness. thus allowing
for scab formation and eventual full tissue regeneration; third
degree (30), characterized by irreversible full-thickness skin .
damage, no pain except at the periphery due to damage of
the nerve endings, and requiring skin grafts or resulting in
scarring; and, sometimes considered, fourth degree (&o),

characterized by "charring"”

Burns from nuclear weapons are either "flash burns”
resulting from the direct interaction of the weapon's thermal
energy with the skin's surface (or transmission through light
clothing) or "flame" (or “contact") burns resuiting from heat
transfer through clothing, burning clothing or contact with
burning materials. The flame burns are identical to those from
industrial or domestic accidents. On the other haad, flash .
burns are very rare in accident cases. They are characterized
by the quick rise of skin temperature and some transmission
(skin is transparent to some wave lengths) before absorption, .
usually resulting in less damage at depth. The injured sur-
face layers of the skin remain more intact than those from flame
burns, which results in less susceptibility to infection (Ref.
5.50). The treatment is similar to other common thermal
burns (Ref. 5.51) and possibly less fatal (Ref. 5.52). Ex-
perience in Hiroshima and Nagasaki give the following relative
amounts of flash and flame burns among the 20-day survivors

o A e

(Ref. 5.47):
+
Flash Burxn Flame Burn Both '
Hiroshima 82.9% 1.9% 14.9% '
Nagasaki 90.9% 31.49, 5.7%
5-34
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The flame burns tended to cover a larger area than the flash
burns (Ref. 5.51).

5 3 3 Exposure

The extent and severity of flash burns depends directly
on the total amount of the thermul radiation actually received
or transmitted to the skin, its duration and, to some extent,

B Pk by s AV R A ATARS TN 8 e

its frequency spectrum The time-integrated irradiance, @
(expressed in cal/cm®), is the radiant exposure energy per unit
area.

For the purposes of this study, a cumulative lognormal
distriburion is most appropriate for the severity versus thermal
energy relationship; some of the properties of this distribution
are found elsewhere (Ref. 5.16). We shall be deriving QSO (the
integrated irradiance for a 50% probability of a particular
degree burn under a determined set of circumstances) as well as
mean-burdening (BDSO) and mean-lethality (LDBO) values of Q.

An upper limit of the variance to mean ratio, o/m, can be deter-
mined by analysis of the bare pig-~skin buran threshold measure-
ments of Henriques and Maxwell (Ref. 5.53). This analysis yields :
a o/m < 6.3. The variance of laboratory experiments which, up ;
to now, have been deliberately conducted with as uniform a ;
sarmple as possible, denotes only how well the basic erergy vs. "
burn severity relationship is known and does not reflect real !
population variances. A o/m for an "average population” may be

derived for burn data given in EM-1 (Ref. 5.16). This yields

a value of 0.4, which may include addtional variations beyond

the biological response (Ref. 5.54). Analysis of the Institute

of Nuclear Studies study (Ref. 5.48), which intentionally "safe-

sided” the data, yielded the following o/m ralues: 1°, 0.4; 2°, 0.25,

and 3°, 0.19. For exposed skin burns, we have adopted the value

0.3 for o/m.
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.% For burns unders clothing, experimental work on rats by
,f’] Derksen and de Lhery (Refs. 5.53, 5.56) may be analyzed to give a

& o/m near 0.2 for clothing in contact with the skin as well as
separated by a gan of 5 mm.

¥ Weapon spectrum differences result in 10 to 20% dif-
“;" ferences in values of Q for the same biological effect (Ref.
. f? 5.54). 1Irfrared is less injurious than visible (Refs. 5.57,
'.241 5.58). Mean levels for complete transepidermal burns in swine
.‘-51 versus spectrum have been measured by Berxeley, et al. (Ref.
i 5.59).

3 \
o Carbon arc Y 4.9 cal/cm
*';" Carbon arc + 2400 A ~utoff 4.5 cal/cm2

4 (some UV + visihle + IR)

’3 Carbon arc + 3600 & cutoff 5.0 cal/em?
. ;h (visible + IR) o
}-ét Carbon arc + 5200 A cutoff 7.0 cal/cm2
TG (part visible + IR)

Carbon arc + 5400 & cutoff 6.9 cal/cm2

(mostly IR)

) The thermal spectrum at a distance from a low-altitude
: nuclear explosion can be roughly approxzimated by a black body
at a temperature of 6,000 to 7,000°K (Ref. 5.60).
ocecurs in thbe visible spectrum.

Its maximum
Spectrum differences are un-

o _f important at low altitudes. High-altitude explosions are richer
. in ultraviolet ar the first portion of the thermal pulse. with
» a shift to mosrly infrared in the long tail (Ref. 5.60). A

content of 107 ultraviolet (greater for lower yields and higher
By altitudes; in the weapon spectra is not too important in the
production of flash burns (Ref. 5.61). Ultraviolet is also read-

T ly attenuated in the air (Ref. 5.60).
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Following Derksen (Ref. 5.54), we will adopt + 15% in
mean values of Q arising from spectrum differences.

5.3.4 Effects

The traumatic and physiological effects of human burns
are becoming well understood due to the large number of acci-
dental burns encountered each year. Besides the degree of the
burn, the principal prcgnostic factor used is the percentage of
the teotal skin area burned, as will be discussed below. However,
the experience in vhole-body flash exposures is limited to the
Hiroshima and Nagasaki experiences. The resultant fire storm
(Ref. 5.62) complicated the flash burn analysis (Ref. 5.47) in
Hiroshima. There is a serious discrepancy in the thermal levels
at Nagasaki; the Dikewood (Ref. 5.63) analysis gives a yield of
12.6 KT based upon burn levels versus the 22 KT derived f£rom other
yield analyses. Cloud cover could hawe attenuated the thermal
radiation, but the height ¢f burst was supposedly below the clouds
{Ref. 5.63).

Excellent information exists on the Q required to pro-
Auce a specific degree of flash burn; both animal and human
experiments {small area) have been performed. But the real
di fficulty lies in determining the body area burned by the
thermal radiation ana to what degree it is turned. The con-~
troiled animal and auman experiirents use normal Incidence on
vare skin znd clothed skin (both contact and spaced). Very
lictle area of a human body will be normal to incoming thermal
radiation, so that a cosine factor must be used; and the degree
of protect:on by clothing (see below) is highly varied over the
bedy (multiple layers versus single, contact versus spaced).
Moreover, instinstive respemnse to protect oneself from the pain
assault may result in some amelioration of the burn for larger
weepoun ylelds.
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In summary, there is considerable uncertainty in the
Japanese casualty experience and additicnal uncertainties in
projecting controlled laboratory experiments to field con-
ditions. N

The various factors that enter into the determination of
the mean radiant exposure required t» produce a specific
biological effect will be discussed below along with a qualifi-
cation of their uncertainties.

Burn Severity

The thermal energy from a nuclear weapon at a distance
in the lower atmosphere is delivered over a period of time
dependent upon yield. The time to maximum intensity, tmax’
and the time for 80% of the integrated pulse, tggs are (Ref.

5.60) as follows:

Yield (KT) 0.01 0.1 1.0 i0 100 100¢ 16000
thax (see) 0.003 0.01 0.03 0.10 0.32 1.01 3.2
tgo (sec) 0.03 0.09 0.28 0.87 2.75 8.70 27.5

The thermal tail beyond the 807 point is mostly infrared and
hence does not contribute significantly to the burn. The 807
time varies by two ovders of magnitude with yield. At the higher
yields (longer times), the absorbing skin has time to dissipate a
conciderable amount of the heat deposited; hence, the degree of
burn is yield dependent.

For normal incidence on medium-colored exposed skin in
moderate ambient temperature, the following (Refs. 5.53, 5.%54)
are the Q (cal/cm®) values for pain and various degree burns
which we have adopted for this study:
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K
Yield (KT) 0.61 0.1 1.0 10 100 1000 10000 f
Pain -¢§, 1.0 1.0 L1 1.4 1.8 2.6 3.8 j
°. QSo 1. 1.9 2.0 2.3 2.8 3.2 3.8 5
o 20 i
27 - Q50 3.8 3.8 4.0 4.6 5.2 6.1 7.0
o 3° -
37 - 05 5.8 5.8 5.9 7.0 8.1 9.3 11.0
The errors in these mean Q's are on the order of 20% or less;
but there are factors (e.g., clothing, skin coler, external
temperature, non-norm.l incidence, etc.) that considerably é
wodify these nominal values as discussed below. It has been
found. but not quantified, that the area of the burn alters X
e
the pain and 1% mean values (Ref. 5.64). 3
Burn Area i
The prognosis of a thermal injury is directly related to :
the degree of burn and the area of the body injured. The total &,
area of the body in cm2 is approximately equal to the product of ;,

71.84, the height in cm and the weight in kg. First degree
burns are not medically important, but there is a strong cor-
relation of the prognosis of the thermal injury with area of
second and third degree burns (Ref 5.51). A majority of the
206-day survivors with burns in Hiroshima and Nagasaki had burns
covering less than 10% of the body, a considerable number had
10 to 2u% burns and a few had more than 407 (Ref. 5.47). By
geometric considerations, flash burns cannot cover more than 3
50% of the body, indeed, one-third might be a reasouable maximum 2
(Ref. 5.51). For higher yields or moderately clothed individuals,
large body burns are not probable except for unconscious persons K
(Ref. 5.54). Bull and Fisher (Ref. 5.65) suggest that the area ;:
of partial skin injury (i.e., 2°% or severe 1°) be weighted by 3
one-fourtk and added to the area of 3° burn.
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Hence, in all cases, burns covering large areas of the
body will generally consist of a combinatica of both 2° and 3°

burns.

in some appvoximation of the geometry of the human body,

e.g., a cylinder (Ref. 5.48), it is necessary to determine for

a given exposure the extent (area) of both 2° and

o -
37 burns,

inasmuch as there is a difference in the systemic reaction
Jepending on the degise of the burn.

For a log-rormal disiribution with

a o/m of 0.3, an area

correction factor that gives the area percentage of a specific
degree burn for this assumed geometry versus what it would be

for totally normal incidence as a function of 0

been developed (Ref. 5.66).

o
%
=]
o

~

)

/.

e

PWWRNE--HFOOOO

ro
D

/QSO has

Area factor

0

0.
0.
0.
0.
0.
0.
Q.
0.
0.
0.
0.
0.
0.
0

The total percentage of body area burned to 3% is calculaced frbm
the 3° area factor times 0.5 (2 maxinmam of only 30% of the body

surface area is exposed to a bur
from the areu l.urned to at least
to 2°, which is then weighted by

Injuries

Burns are ons of the most
the nearly instantanecus intense
universal experience by evaryoie
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quantification of burn injuries and mortality may not present

the entive picture. Success in burn therapy is not necessarily
reflected in survival statistics. Hideous deformities, limiting
contractures and scarred personalities may not reflect well in

data which report only mortality. Hence, we are suggesting that
three injury levels be considered:

[ORC TR AN C S YW VIR PRV ST
vy

e Threshold burn injury
o Burdening burn injury
® Lethal burn injury.

Each of these will be discussed below.

R ——

Threshold Injury

When considering civilian casualties, it may sometimes
be important to know the total number of civilians affected in
any way by the conflict. Hence, even a threshold injury that 4

iy
A

does not require hospitalization or aid from another person may
be politically significant. For burns, threshoid might be the
induction of pain, a 1° burn, or a small 2° burn (that can be
self-treated). Figure 5.8 shows the differential mixture of
burns for 1 KT versus Q resulting from a probit analysis (o/m = E
€.3) of burn probabilities. For a Q of 2.5 cal/em®, at 1 KT, : K
the following distribution gives an injury level that would be :
T indicative of an injury threshold inasmuch as a 1° burn might ‘
not always be recognized as an injury.
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Hence, the following Q's (cal/cmz) are recommended as mean
threshold injury levels:

Yield (KT) 0.61 0.1 1.0 10 100 1000 10000
Threshold 2.4 2.4 2.5 2.9 3.4 3.9 4.6
InjuryQ

(cal/cm?)

Uncertainties would be on the order of + 207.

Burdening Injuries

As discussed above for the case of ionizing radiation,
a consideration of lethality alone lacks completeness; and the
consideration of specific burn levels, although readily quanti-
fiable, does not directly establish the stress placed upon the
community, particularly if casualties are produced by several
different weapon effects (which produce different symptoms).
The difficulty of the burdening injury concept is the uncertainty
in arriving at meaningful numerical values to describe it. The
Q required to produce a burdening injury is somewhat above the
threshold injury and is obvicusly below lethality. Therc are
several pieces of information that shed some light upon what
mean radiance, Q, would be required to produce 3 mear hurdening
level.

Mizter (Ref. 5.6/} suggests that 2° or » eens of body
area in excess of 107 require hospitalization .tke, et al.
(Ref. 5.68) suggests that no hospitalization i. required and
that treatment can be handled on an outpatient ba.:. for burms of
less than a 5% area. DNA EM-1 (Ref. 3.16) and . he MTO itandbook
(Ref. 5.69) both suggest hospitalization for 2° und " bums of
area greater than 20%. But the WATO Handbook also suggests
hospitalization for burns less than 207 if the hands, feet,
neck. or face are involved {lips and eyelids are especially
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sensitive) and requiring medical care for severe (1°) burns. These
areas could be as low as 5% or less. Shock resulting from burns
is not important (Ref. 5.51) for burns of less than 10%. Sheck
is almost a certainty for 2° burns exceeding 307% area and 3°
burns exceeding 25% area (Ref. 5.16). Summarizing, hospitaliza-
t:. . is probably required for 10 to 207 area burns 2° and 3%).
Outpatient treatment is probably required for 5 to 10% area
burns (2° and 3%). The following are estimates of burn area
percentage and probabilities using the arca correction factors
given above and the probability factors given in Figure 5.8 for
1 KT:

2° Burn 3° Burn

) Area Area
3 Prob. (if burned) Prob. (if burned)
(cal/cm”) (%) (%) (%)

2
3
4
5
6
7
8
9
0

o

The mean 2° level (4 cal/cmz) produces, with about 50% prob-
ability, a burn in excess of 207% of the body area; hence, we
shall adopt this value as the burdening level requiring
hospitalization.

Of course, other factors enter into the burdening level
determination: outpatient care, iujury of sensitive/eritical
areas (e.g., extremities and head), protection by clothing, etc.
The first two would require lower levels of Q; the last requires
higher values of Q. It would bz extremely difficult to




incorpcrate these opposing factors into an analysis; hence. we
will assign 50% errors to the mean burdening levels. At the
lower end of the range (2 cal/em™ for 1 KT), this would be at E
the threshold for 2° burns, with a 50% probability of 1° burns
and nearly a 1007 probability of pain. At the higher end of
the range (6 cal/cm”™ for 1 KT), this would be near the 507%
probability of 3° burns. In summary, the mean burdening levels
in cal/cm2 for lightly dressed individuals would be (Ref. 5.70)

Yield (KT) 0.01 0.1 1.0 10.0 100 1000 10000

BDSO 3.8 3.8 4.0 4.6 5.2 6.1 7.0
2

(cal/cm”)
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with uncertainties of +50% and the qualification that no evasive
action (see below) is taken for the higher vields. As a check,
ENW (Ref. 5.60) indicates that, for Hiroshima, "some" burns re-
quired treatment as far out as 12.009 to 14,000 feet from
ground zero. The radiant exposure there was on the order of

2 cal/em®, which would be near the 1% burdening level.

cta ol

R i

In conjunction with burdening, some healing and hos-
pitaiization times have been znalyzed. Butterfield, et al.,
{Ref. 5.71) reported the following empirical relationship for
flash burns:

healing time (days) = 0.92 Q2 + 1,26 Q- 4.26

for 2 <Q <6 cal/cm2

R A1 e ML 1 BT T4

where Q is the exposure in cailcmz.

White (Ref. 5.72) reported the followiag healing times for
flash burns:

1° 8§ days
2° (uninfected) §-15 days
2° (infected) up to 42 days




° (uninfected, small burns) 20-30 days
ki (larger burns with scar formation) 20-42 days
3° (skin grafting) "many months",

Bitke, et al., (Ref. 5.68) reported the following average
B hospitalization times:

L Survivors All 2
o Only Patients K
f Group ITI (>30% 1° and 2° or >15% 3°) 130 days 73 days 5
E Group II (15-30% 1° and 2° or 5-15% 3°) 113 days 90 days b
E Group I (<15% 1° and 2° or <5% 3% ‘'substantially E
shorter” . 5

Blocker (Ref. 5.73) reports the following approximate 3
hospitalization times:

Body Area Hospitalization Time

<20% 6 weeks ;
20-50% 9-10 weeks
>350% 12-14 weeks

(under most favorable conditions).

Second degree burns heal about twice as fast as third degree
burns unless the lower extremities are involved.

Lethal Injuries

Several studies have been made of the mortality of flame
burns versus area of the body burnad. As noted earlier, Bull E
_?1 and Fisher (Ref. 5.65) suggest that the area of severe 1° burns ;'“
% | plus ali 2° burns be weighted by one-quarter and added to the area 5
¢ ! of the 3Y burns in order to estimate progrnicsis. Schwartz, et al., 3
(Ref. 5.74) suggest that about 50% of the area of 2° burns be
added to the area of 3° burns. The probit analyses of Bull 2
and Fisher (Ref. 5.65) [confirmed by Bitke, et al., (Ref. 5.68)]
in Figure 5.9 and those of Lynch (Ref. 5.75) (see Table 5.3) have
shown that age is a highly significant factor in burn mortality,
with the elderly being much more vulnerable and some indication ’ 3
that the very young mfght also be more wvulnerable. k-

.
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Figure 5.9. Mortalityprobability versus body area
burned.
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Table 5.3. Predicted mortality in males.

Pexcent of Body Surface Burned
30 4 0 60 10 80

17 40 63 80 92 98
16 39 63 79 92 98
14 37 60 78 91 97
13 36 59 77 91 7
13 35 59 77 90 97
13 35 59 77 90 97
14 37 60 78 91 97
15 38 2 78 91 97
17 40 63 80 92 98
19 44 66 81 94 98
22 47 69 84 94 98
27 52 1 87 95 99

11 32 56 75 89 96 99

1 32 62 79 92 97

20 67 83 94 98

27 53 72 87 96 99

36 5% 77 91 97

45 67 83 9 98

S4 73 88 96 99

63 80 92 98

71 8 95 99

78 92 97

86 95 99

89 97 99

(=]

0
0
0
0
0
0
0
0
0
1
1
2
3
&4
6
9
13

NN O WY B B
WV e e = QO O

Reference: Lynch, J.C., "Thermal Burns," 1968 (Ref. 5.75).




Even if the age variation is factored out, use of these
flame burn mortality probit analyses to predict nuclear weapon
flash burn lethality has real difficulties. Except for the aged,
mean lethality as detailed for the flame burn data requires
about 45% body burn; however, only a maximum of 50% of the baody
can be flash burned by a nuclear weapon unless there are burns
from ignited clothing. In the cylindrical approximation, a
45% burn would require a Q five times QSO' e.g., about 20 cai/cm2
for low yields. Unfortunately, at this level, the percent area
is a nearly non-invertable function of Q, i.e.:

q 5 Bgrn Areg
{cal/cm®) (29 and 3°9)

22%
35%
427
447,
45%
very large ~50% .
Hence, a shift of a few percent in mean-lethal burn area will

result in considerable shift in Q

An alternative methodology is to look at the experience
from Hiroshima and Nagasaki and to consider previous estimates
of mean-lethal Q's. ENW (Ref. 5.50) reports that flash burns
were fatal to "nearly all" persons in the open at Hiroshima out
to 6,000 feet; this would correspond to about 9.5 cal/cmz.
Moreover, they estimate that 20 to 307% of all fatalities in
Hiroshima and Nagasaki were caused by flash burns. Estimates
have been made by White, (Refs. 5.76, 5.77), ANCA (Ref. 5.49)
and Fricke (Ref. 5.70) as shown in Table 5.4. The log-log extra-
polation by ANCA to lower yields is probably incorrect due to
the lack of yield dependence for the shorter thermal pulses
(see Burn Severity, Section 5.3.4).
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\ '_..3 We will adopt recoumendations of Fricke (Ref. 5.70) § ’
§ which were based in part on the data of White [Refs. 5.76, 7
: 3.77)] with estimated uncertainties of +50%: 3
3 Yield (¥T) ©0.01 0.1 1.0 10 100 1000 10000 3
LDg, 7.8 7.8 8.0 8.6 10.8 14 18 E 3
(calfem®) . "
E The o/m from White's data is approximately 0.3, which is 3
9 ! identical to that for the induction of the various degrees of 3
: burns. !
‘ If we compare these thermal exposure lethal levels with
; the burn area lethality, we find for 1 KT (8 cal/cmz):
4 16G0% probability of pain e
100% probability of 1° burn covering 45% of body E
3 99% probability of 2° burn covering 35% of body b
%; 847 probability of 3° burn covering 287 of body .
t (Note: the percentage of body areas turned are not independent) s
'.' The total burn (1° +2° + 3°%) area is near the mean-lethal :
g; levels observed in flame burn cases (Figure 5.9 and Table 5.3) b
5 but the areas of the less severe burns (1° and 2°) are not =' ’
- 3 handled as recommended by Bull and Fisher (Ref. 5.65): fo-
;‘
) Special Anatomical Burn Injuries :
o :
Some consideration must be given to burns on specific
| | anatcmic sites. Experience at Hiroshima and Nagasaki showed -
. } the following for the 20-day burned survivors (Ref. 5.47): E
1 i 3
i 98% involved head and/or limbs BE
87% involved limbs o

9% confined to face and neck. b
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The high percentage of injuries on the head and extremities is
due to their being unprotected by clothing (see below). Lips
and eyelids are especially sensitive to burns,1° burns at thesc
sites usually require treatment.

Unexpectedly, few permanent eye burns were noted at
Hiroshima and Nagasaki (Refs. 5.47, 5.62). Although there were
a number of cases of temporary partial or total blindness, there
was only one case of retinal injury (Ref. 5.60). This is be-
cause the chances of looking directly at the fire-ball are
small, especially for low-yield weapons and the larger ranges.
For high-yield weapons (longer thermal pulse), the blink response
(0.2 sec) will also limit the amount of energy deposited on
retina (Ref. 5 16).

Modifying Factors

There are a considerable number of factors that mcdify
the estimates for LDgy and BDgq for "normal man" and many
cases for which the specific values do not apply. In this
section, we shall address a number of these factors but mostly
as they relate to induction of specific degrees of burns. We
have not thus far been able to develop quantitative factors
that would modify lethality and burdening levels and, for the
time being, can only assume they are of the same magnitude as
those for burn induction. These will be multiplicative factors
that modify the Q for the "nominal" situation.

s i

4
23
1
3!
3
5
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Warning and Evasicn

If the civilian pcpulation is given sufficient prier
warning along with proper training, there should be few
casualties due to thermal affects from open exposure; i.e.,
shelter of some sort could be ohtained by each person. Hence,
in these cases, the specific shelter categories should be used.




RS

However, for a very short prior warning (<<l min), alert,
exposed civilians (with considerable civil defense indoctrina-
tion) should be able to take a prone position with hands and
face (the only exposed skin surfaces) covered. Hence, in the
most optimistic case, it can be assumed that, for a short prior
warning, no skin will be openly exposed, but that the personnel
will still be subject to burns through their clothing. For
larger yields (>100 KT}, it is possible for individuals to
evade a portion of the thermal pulse instinctively or on the

basis of prior training. Such evasion may consist of dropping

to a prone position and protecting any exposed skin surfaces
(hands and face). The analysis of Lagerin, et al., (Ref. 5.78)
suggests a 0.75-second evasion time for crrained troops, which
may Or may not be appropriate for civilians. Without proper
training, there is still an instinctive reaction (v0.5 sec)
(Ref. 5.54} tc evade the thermal pulse which produces immediate
pain. Similarly Langerin, et al., (Ref. 5.78) suggest a value
of 3.0 seronds for instinetive evasion. However, the effects
of nc evasion are also to be considered since, no matter how
much training, some civilians will rot properly evade the thermal
pulse. Following the experimental wcrk (Fef. 5.79) and analysis
(Ref. 5.80) of Derkson, et al , time-dependent factors modifying
QSO were derived {Ref. 5.06) to account for evasion; these are
given in Table 5.5. Thus, as an example for a 1-Mi weapon, if
protection/shelter is obtained within 1 second, it would re-
quire a thermal intensity 2.2 times greater than if no pro-
teccion were obtained to produce the same injury level. For
purposes of estimating civilian casualties we suggest that

the following times for individuals exposed in the open might

be appropriate:
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.; Able to obtain shelter (where available). 3 -+ 30 sec
. B Protecting of exposed skin {some

,.§ education requi.ced): 0.75 + 5 sec
. Reactive pain avoidance (exposing

-8 larger area to less thermal energy): 0.5 + 5 sec

Unable to respond (very young, aged,

crippled, etc.)- 30 sec ~ hours
These times could be combined vith the yield to produce pro-
tection factors as given in Talle 5.5. Considerable analysis
needs to be dene irn this area, especially on the effects of

(RSN SPRTTIITIR,  SP PV WSPVPAs SUpUS R

an active civil defense progran.

Clothin:

Under most circumstan:es. clothing plays a significant
role in the protection/prev .nticn of burns (except while
swimping, at nudist camps, ete.). Large-area burns which con-
tribute directly to letha’ ity must be produced under clothing
by either of two mechani-ms

® Transmiscion - usually by heat conduction or

the generation of hot volatile products,

although fer very light (weight and color)
clothing, some direct transmission is possible

e Ignitior of the clothing resulting in burns
caused oy flames and hot volatiles.

e e mwen s

[ Severa. factors contribute to the extent that clothing

)

-

protects tl.e underlyving skin from flash burns These include:

Lave

# e TFabrie matevial

' e Fabric coler

; e Fabric weight

¢ BNumber of layers of fabric

e Spacing of the fabric from the skin.
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Some analysis of these factors has been done for fabrics nor-
mally found in military uniforms. The greatest differences
are exhibited by summer versus winter uniforms. A particular
summer (hot-wet) uniform (cotton, popiin, shade 116, 5 oz/yd2
plus bleached cotton sheeting, &4 oz/ydz) has been studied for
contact with the skin (R2f. 5.55) and separated from the skin
by 5 mm (Ref. 5.56). A protective factor of ~10% was fournd
when the uniform was in contact and a factor of ~100% when
separated. Without a detailed analysic of the average separa-
tion distance of the uniform from the skin and consideration
of the multiple layers of fabric at the yoke, collar, pockets,
buttoned areas, seams, etc., we have assumed a protective
factor of 1.5 + 0.5 with a o/m of 0.2. Certain other fabrics
because of the emission of volatile products, make the effects
worse than for unprotected skin (Ref. 5.81), whereas smoke from
some fabrics can form a protective barrier (Ref. 5.54 from the
remainder of the thermal pulse.

Winter clothing offers considerably more protection.
Experiments by Wilson and Drew (Ref. 5.81) showed that 21 czl/
cm2 delivered over 1 second (0100 KT) te a human volunteer in
contact with a winter uniform equivalent (wool-filled serge,
10.8 oz/ydz, RCAF blue colour; cotten rayon twill, 3.5 oz/yd™;
cotton broadcloth, 3.4 oz, knitted cotton) produced only slight
erythema even though the outer two fabrics were destroyed.
However, multi-layer uniforms exhibit a complex behavior versus
Q due to burning and falling away of the individual outer
layers (Ref. 5.54). Moreover, it takes 5 to 30 seconds for the
heat to transfer through the clothing (Ref. 5.54), thus allow-
ing time for removal. We estimate and adopt a single protective
factor of 10 + 5 for transfer through winter clothing wirh a
o/m of 0.2
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The second mechanism for buras under clothing is due to
the ignition and burning of the faoric. Although there were
few clothing fires noted in Hiroshima and Nagasaki (Ref. 5.62),
those that did occur covered larger body areas than flash
burns (>30-40%). The picture here is extremely complicated by
the following factors:

I

“
e s i pamias b ol o

: & Various ignition thresholds depending on
# fabric characteristics (e.g., material,
color, etc.)

& Higher thresholds for the support of

: combustion
e Some fabrics unable to support non-
k: externally aided combustion
: ; e The falling away from the body of

iy burned fabric

® The deleterious effects of the de-
composition products of the burning
fabric including hot volatile products,
and hot sticky residues (e.z., nylon)

e Moisture content of the fabric
Flame spread analysis
® Heat transfer (5-30 seconds) allowing
time for extinguishing or removal
Data for sustained ignition thresholds for four fabrics
(assumed to be QIO) derived from URS data (Ref. 5.82) are shown
in Figure 5.10, along with the measurements of Derksen and de Lhery
(Refs 5.55, 5.56) for the summer uniform, ENW's value (Ref. 5.60) for
3 oz cotton khaki, and scme theoretical values for 12 oz/vd cotton
khaki derived by E. H. Smith and Company (Ref. 5.83). In the
absence of a more detailed study, we have assumed the follow-
ing Qso's. with a o/m of 0.3 for clothing ignition.

Yield (KT) 001 0.1 1.0 10 100 1000 10000
Qso(callcmz) 8.8 9.3 11 16 22 30 6C

Estimated uncertainties are +50%.
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Shelter

Virtually any solid shelter provides complete pro-
tection from flash burns. However, there are some special
cases that can produce burns within a shelter:

o Hot Just-laden air (discussed elsewnere)
» Reflections into the shelter.

Albedos of construction materials vary considerably as well as
configurations that would permit reflection into inhabitated
areas. A single diffusive reduction of thermzl radiation
coming through a large window or door and impinging on an
interior wall gives a factor of 20 (or more) reduction for a
person located 3 meters from the reflecting wall. We shall
assume this protective factor with large uncertainties: ZOf%g.
The number of instances where this injury mechanism might be
dominant are small due to the concomitant blast (glass
especially) and radiation hazards.

Variations in Skin Conditions

o

The amount of thermal energy absorbed by exposed skin
is dependent upon its color or level of pigmentation. Ex-
perimental work (Ref. 5.84) has measured absorptive differences
for a wide range of skin colors from the Dutch and Europeans
to the Yoruba and Aborigines. The correction factors (Ref.
5.80) to QSO derived from these experimental results are given
below for exposed skin flash burns:
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Yield (KT) 4
] Skin Color  0.01* 0.1 1.0 10 100 1000 10000 x
Very light 1.24 1.24 1.24 1.24 1.34 1.32 1.32 ;
Light 1.10 1.1 1,10 1.10 1.15 1.6 1.16 #
Medium 1.00 1.00 1.00 1.00 1.00 1.07 1.08 ,;
Dark 0.89 c.89 0.89 0.89 0.92 0.94 0.95 F
Very dark 0.85 0.85 0.85 0.85 0.86 0.8 0.89 E
*Assumed same as 0.1 KT {
Uncertainties are the order of +10%. %
The magnitude of the external ambient temperature affects E
the severity or extent of flash burns in two ways- e
e Burn severity dependent upon initial :
skin temperature - -

e Transmission through clothing dependent
on types and weight of clothing (see above).

Experimental work (Ref. 5.85) on rats for a simulated 100 KT
pulse showed that cold skin (~20°C) required 45% more exposure §
for the same level of burn, and hot skin (~40°C) required 27% 3
iess when compared to moderate temperatures. However, it is ;
postulated (Ref. 5.54) but unverified that this temperature E
dependence is negligible at yields below i KT. We have adopted E
these factors for yields of 100 KT and above and have log-log
interpolated them to unity at 1 KT as given below:

Yield (KT) 0.01 0.1 1.0 10 100 1000 10000
Cold (freezing 1.0 1.0 1.0 1.0 1.45 1.45 1.45 3
ambient) i
' Moderate 1.0 1.0 1.0 1.0 1.0 1.0 1.0 3
! Hot (exposure to 1.0 1.0 1.0 0.88 0.73 0.73 0.73 3
' sun in hot 3
! ambient) kst
i Estimated uncertainties are the order of +20%. i v
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Other Factors

Already discussed above in Section 5.3.3 were spectrum
differences which might produce +15% in the mean values of Q.
(Figure 5.9 and Table 5.3). Using the data of Bull and Fisher
(Ref. 5.65) and weighting the mortality for 50% body area burned
versus a standard (US) population age distribution, we find
that an average mortality is 70% as opposed to the approxi-
mately 50% mortality for young healthy individuals. Hence,
on the average, age makes about a 407 difference with high
mortality for moderate body burns (10-26%) for the very
elderly.

Other factors affecting burn outcome are obesity (Ref.
5.86) (the greater the weight, the worse the outcome) and the
presence of cardiovascular disease and renal disease (Ref.
5.87). For none of these is there any numerical quantification;
hence, we must ignore them. Combined injury effects, parti-
cularly that of exposure to both thermal and ionizing radia-
tion, are discussed in Section 5.6.

One modifying factor that has been noted (Ref. 5.57)
in motion pictures taken during some of the above ground
testing was that smoke, steam and products of combustion
produced by the initial part of the thermal pulse tended to
obscure/attenuate a portion of the rest of the pulse. Obser-
vations on "Operation Buster" (%20 KT) were that this effect
might have reduced the thermal irradiance by 40%. The amount
of attentuation would depend trememdously upon the nature and
location of the nearby materials; e.g., asphalt roads, dry
grasses and shrubs, curtains in windows, clothing, etc. At
this time, there is no simple way of including this effect
through the use of some gross correction factors for gereric
locales.
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5.4 AIRBLAST EFFECTS

5.4.1 Introduction

Studies concerning the effects of airblast on man have
generally followed with, commencement of major conflicts between
nations. The Second World War produced considerable data for
airblast effects generated by conventional weapons. Both the
British, led by Zuckerman (Ref. 5.91), and che Germans, led by
Desaga (Ref. 5.90), were active in this field. With the closing H
3 of the Second World War, a new dimension was added to the effects

3 of airblast by the use of nuclear weapons. For nuclear weapons,
the duration of the overpressure moves from the few millisecond
regime to exposures lasting, in some cases, for more than a second.

The Lovelace Foundation for Medical Education and Research

has been very much a leader in the investigation of the effects
Contributors from this Founda-

H of blast waves of long duration.
tion such as White (Ref. 5.76), Fletcher (Ref. 5.115), Bowen (Ref.

; 5.93), and Richmond (Ref. 5.121) have produced a number of exten-~

i sive studies on the multiple aspects of this effect. Their studies
have led to scaling methods for comparing animal casualties to man.
They have also conducted extensive computer modeling and have
developed the best estimates available on the tolerance of man to

AT S

.,

all forms of airblast effects.

vl

Testing with human subjects has necessarily been limited
to near or below burdening levels. Some studies of accident ;
and suicide cases give criteria for lethal or burdening levels,
but these do not scale directly to casualties produced by the
blasc from a nuclear weapon. This scaling has also presented
a major problem in work with human cadavers or with animals.
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! Lethal and burdening leveis for man exposed to airblast
are still at a very tentative level. Much work has yet to be e .
done, especially in the area of burdening and lethal decelera- g

tive tumbling and in injuries produced by blast energized pene- b
trating debris and structural collapse.
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5.4.2 Primary Airblast Effects - Direct Effects

bttt oAb

Lethal Effects

In terms of physiological damage induced by a sudden
change in air pressure, lung damage is of primary importance.

Studies of cases of severe blast injury or mortality in both }
man and animals have indicated massive lung damage as the
leading lethal mechanism (Ref. 5.88, 5.89, 5.96, 5.91). 3

Blast injury develops in complex organisms due to the
difference in tissue density of the various organs that make up the !
individual. As the airblast wave distorts the body, movement ‘ g
of different tissue masses causes shear waves to be generated ! i
vhich accelerate parts of a same oxrgan at different velocities. ! B
As a result, tears or ruptures occur. Gas-filled organs are
i especially susceptible to this damage, with the lungs being of
R greatest concern. As the lung tissue is disorganized, fat and
air emboli can enter pulmonary veins. These emboli in turn can
lead to further damage or death to an organism via coronary or
cerebral damage. If the organism is sufficiently damaged,
fibrin emboli may also be present, thus complicating the situa-
tion. All this is further complicated by the resultant degree
of hypoxia due to lung damage. Age, health and predisposition
all affect the response of the individual. These parameters, in
turn, complicate the development of probabilities for mortality

,.._‘"'Zx‘,"":' @

Eo et
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due to blast overpressure. The majority of information avail- ) E
able on physiological response to overpressure is based on e
scaling data obtained from animal studies to what might be the e |
expected response in a 70-kgm man.

TR,

0

3 Lung - Whole Body A

Zuckerman (Ref. 5.91), working in England, carried out
. experiments during the Second World War inm which small animals
- were tested for lethal overpressure. It was fuound at this time 3
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that the pressure necessary to kill 507% of animals was related
to the 2/3 power of the animals' bedy weight. Monkey and goat
data were consistent with the relation. When the data were
extrapolated to man, an LDSO cf 400-500 psi peak overpressure
was established and was considered to be of the right order when
compared to actual air raid experience.

Desaga (Ref. 5.90), working in Germany during the Second
World War, agreed with Zuckerman's blast tolerance of man, up to
a point. Desaga showed that the tolerance was related to the
duration of the overpressure. Desaga also indicated, from
studies of gun emplacement casualties, that reflection of over-
pressure was highly additive and could cause a non-fatal over-
pressure to become fatal. This fact led to a redesign of the
gun emplacements. For blast-caused casualties (from direct
effects) inside structures, Desaga reports knowing of only one

case during the entire war. j

The Lovelace Foundation has produced extensive studies
on the tolerance of animals and man to various blast waves.
Richmond, et al., (Ref. 5.92), published a paper which demonstrated
an apparent species difference in tolerance to duration of over-
pressure. In this paper, a grouping of data for large and small
animals was demonstrated, with the large animals being more
tolerant to overpressure than small animals. In a careful compi-
lation of data, Bowen (Ref. 5.93) developed a set of curves for
threshold peak overpressure values for lung damage as a function
of its duration. 1In this study, man's tolerance to blast over-
pressure was also shown to be dependent on orientation to blast
winds and adjacent buildings. The peak overpressure-duration
data were also regenerated as survival curves for range versus
weapon yield. These curves were subsequently employed in a
number of publications of the Lovelace group.
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Extrapolating from the data of Bowen, the LDSO value for 3
man, exposed to a blast overpressure of l-msec duration, is 450 =
3 psi. For exposures of long duration, 1000 msec or more, the LD50 !
?_’ value is 62 psi. 1In 1973, White (Ref. 5.94) indicated a thres- 4
E: hold value for lethality (LDyy) as 40 psi, LDy, as 62 psi and 3
Ll'.>99 as 92 psi. These values are in agreement with the 9
.3 Lovelace values of 1971 (Ref. 5.88) , in which the probability E
C R of mortality was indicated for three different orientations to 3
s N the blast wave (see Table 5.7, Figure 5.11). 1If orientation ;
’ is considered, the I‘DSO peak overpressure for man ranges from 3
¥ § 21 to 62 psi. 4
‘ Burdening Effects
¥ Lung Y
' Minimal injuries of lung tissue result in disruption of . 3
alveolar walls. As overpressures are increased, hemorrhaging i 3
i becomes more extensive to the point of major disruption of g
3B pulmonary tissue. As more tissue is disrupted, the subject i
! suffexrs from increased hypoxia. From this point, air emboli. can ;
f enter the bloodstream and lead to sudden death. 3
i 3
‘l The investigations by Zuckerman (Ref. 5.91) during the
b Second World War, involving both animal and human experiences, 3
lead to a tentative estimation of man's threshold for lung E
;l damage at 70 psi. Approximately the same period of time ,, Desaga .i b
3 : estimated the lethal threshold of man at 100 psi. From these
i. studies, it would appear, for short durations of overpressure, 3
: that man’s burdening levels for lung damage from primary effects B>
. of overpressure are 4
j- BDyy = 70 psi
5 ‘ BD99 = 100 psi {
A
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Table 5.7.

Probability of mortality from blast
overpressures (PSI) surface bursts.

Yield (KT)

1.0

10.0

. Prone-long Axis
Parallel Shock

1
50%
99%
B. Long Axis Body

Blast Winds
1%
50%
99%

. Thorax Near a
1%

50%
99%

Perpendicular to

Reflecting Surface

Wave
47
74

125

30
42

17
23
32

44
68
115

29
49

16
22
30

42 41
64 63
100 97

28 27
38 37

15 15
22 2
29 28

40
62
94

27

-

14
21
28

Note: These probabilities are based on data from White

(Ref. 5.88), Bowen (Ref 5.93),
the closest approximations from available data.
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In 1966, Richmond (Ref. 5.92) published a paper in which
he indicated the threshold for petechial lung hemorrhage in dogs
occurred at approximately one-fourth the LDSO dose, and sefious
injury occurred at about three-fourths the LDSO' From these data,
for short-duration overpressure exposures (v3 msec), lung damage
occurred at the following levels:

Threshold = 30-40 psi
Severe = 80 psi and above.

White (Ref. 5.95) published a paper at the same time as
Richmond and indicated the threshold and serious ranges for
exposure to overpressure of leng duration (400 msec). The results
of this paper are the following peak overpressures:

Threshold = 12-15 psi
Severe = 37 psi and above.

Further animal studies by the Lovelace Foundation (Ref. 5.94)
have now established the following tentative peak overpresssure

criteria for burdening lung damage due to direct effects of long-

duration blast waves:

Threshold Lung Damage = 12 (8-15) psi
Severe Lung Damage = 25 (20-30) psi.

Eardrums

Early investigation (Ref. 5.96) of the effects of over-
pressure on the tympanic membrane indicated that an overpressure
range between 5.4 and.44.1 psi (mean = 22.9 psi) was required
for rupture. This work was performed on cadavers by slowly pump-
ing air (slow-rising overpressure) intc the external auditory
canal. A study {(Ref. 5.97) of World War II air raid casualties
suggested that the lower and upper limits of peak overpressure
at which human eardrum will burat in 507 of cases was 15 psi and
S0 psi. The wide range in both studies was attributed to dif-
ferences such as age, shape of ear and wax content.
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In terms of probability of occurrence of eardrum in-
juries among casualty cases, in rhe Texas City Disaster (Ref.
5.98), of 2400 hospitalized patients, 11.5% (274 patients) had
perforation of one or both eardrums. The incidence of ruptured
eardrums among surviving casualties from the nuclear bombing of
Japan was {rom 1% to 10% (Ref. 5.60, 5.99). The amount of
damage to the tympanic membrane varies ccnsiderably, with
slight tearing in some cases and complete removal in others.

i The main problem to avoid is infection to the ear following
{ damage. If infection should occur, the amount of permanent
hearing loss can be considerable. A new NATO Handbook (Ref.

5.69) advises evacuation of persons suffering from ruptured
eardrums.

Studies {(Ref. 5.100) of the effect of the duration of

the blast wave indicate the tympanic membrane is not semsitive

to this effect above 1 msec of pulse. Questions as to whether
the positive overpressure or negative underpressure is the most
damaging effect have not been completely settled. Relating mem-
brane damage to positive overpressure, a compilation of dog data
in 1965 (Ref. 5.101) indicated a threshold peak overpressure value
of 5 psi and 507 failure at 15-20 psi. Due to reflection, the
values are lowered for sheltering conditions such as covered fox-
holes to 1% at 2-3 psi and 50% at 6-8 psi. A 98-percent failure
occurred for eardrums exnosed to overpressures from 25-38 psi.

e AL Bl A B

In summary, the burdening peak overpressure values for

. tympanic membrane casualty are tentatively indicated as: 3
! BDg; = 5 psi :
BDSO = 15-20 psi <

-

BD99 ? 35 psi.
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5.4.3 Secondary Airblast Effects - Debris and Missiles

Burdening and lethal casuvalties related to secondary blast
effects are related to a number of parameters of both the taxget
and the missiling material. The parameters of missiling include
size, shape, density, mass and nature of the moving object. For
the target, response parameters reflect whether the blow is pierc-
ing, penetrating, non-penetrating {sharp or blunt), and the
tissue/organs involved (single organ, multiple organ, organs in
one or more majer body aroas). From the science of wound baili-
stics, the velocity of a penetrating or piercing object is criti-
cal to the extent of physiological damege -~ this becomes especial-
ly evident in terms of very small missiles which obtain very
high velocities which may result in massive disxuption of tissue.

TR 6 A MY s

Of translating cbjects, the larger, more massive items
are slower to gain velocity in blast winds. Small, light objects,
such as glass splinters, reach maximum velocity in a relatively !
short period of time. Because of this, objects in a blast wind
can change their velocities relative to each other. The longer
the duration of the blast wind, the higher the velocity a large
massive object can obtain. In contrast to this, small objects
are not too greatly influenced by blast dur.iions as they very
auickly reach their maximum velocity.
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The basic biomedical criteria for these effects are
commonly expressed in units such as the kinetic energy at impact
or the impact velocity of a particular type of missile (sub-
stance, weight, etc.). The physical phenomena (e.g., aero- .
dynamics) cf the missile's acceleration are then used to ex-
press the biomedical criteria in terms of blast-wave parameters.
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Blunt Trauma

Blunt Trauma - Random Impact

An analysis of the wounding power of debris (Ref. 5.102), '
conducted by the British during the Second World War, indicates ‘
that lumps of hard crater debris, impacting with an energy of
about 30 fr-1bs, would incapacitate 50 percent of the personnel
crouched in slit trenches (see Table 5.8). Soft lumps of clay
were found to produce incapacitation in 50 percent of personnel
struck 2t & mean energy of 1800 ft-1bs. This research, performed
on small snimals and dried human skulls, contains extremely wide
ranges of 95 percent confidence limits. The criteria for incapaci-
tation in the British report were either death, unconsciousness,
major bone fracture, or severe rupture or hemorrhage. The
values arc to some degree intended as combat ineffectiveness
(CI), rather than burdening injuries (BD) as would apply to
civilians.

Working from the British data, the United States Army
Combat Developments Command (USACDC) (Ref. 5.103) redeveloped
a probit analysis of the incidence of incapacitation (see
Figure 5.12). Working from this probit analysis, the velocity
required to produce a 50-percent incidence of incapacitation
was developed by the USACDC (see Table 5.9) for three stone
masses (1, 5 and 10 1bs). With the velocity values calculated, !
the overpressures 3s a function of yield were calculated for ’
the three stone masses (see Figure 5.13). The overpressures
from a 1-KT and 10-KT weapon which develop a CI50 for the three
stone masses are shown in Table 5.19.
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Table 5.9. Velocity for 50% incidence of CI resulting

from random blunt impact.

Velocity for 507 CI

=

Weight of Stones (1bs) (ft/sec)
1 57
5 25
10 18
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Figure 5.13. Overpressure for 50% CI from blunt impact
for three stone masses (Ref. 5.103).
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Table 5.10. Overpressures from specific weapons
developing CI50 for various missile
weights.

1Lkt l0KT
18.5 11.5
14.5 8.9
12.8 7.9

AT A s 428

Blunt Trauma - Skull

The values for incapacitation, as developed from the
British data, are intended for a mean probability of the event
occurring to any portion of the body. If specific body regions
were considered, the range of values would vary widely as indi-
cated by the 95-percent confidence values of Table 5.8. As an
example, for incapacitation due to head injury, the energy re-
quired of hard debris is 22 ft-lbs. From a probit analysis of
the British data, the L050 velocity for 1, 5, and 10 1b masses
would be those shown in Table 5.11.

1 AW KA o Whwa s

Table 5.11. 59% incidence of CI resulting
from blunt impact to head.

3

T e i

kg

Velocity for 50% CI
(ib) (ft/sec)

1 37.5
5 16.8
10 11.9
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From Table 5.8, the 0150 impact for skull fracture is
about 22 ft-lbs. This value is based on experiments with human
skulls which were filled with a 20-percent gelatin solution

covered with thin rubber to simulate skin. In the Lovelace publi-
cations (Refs. 5.72, 5.76, 5.77, 5.99), impact velocity for

4 skull fracture from a 10-1b mass has been indicated to range from
15-23 ft/sec for threshold to near 100-percent fracture (see

Table 5-12). These data are based on reports of early British work
(Ref. 5.104) employing monkeys and predate the British report

used by the USACDC. The Lovelace data also employ engineering
studies of skull fracturing (Refs. 5.105, 5.106) which support

the British data. Although an apparent disagreement exists be-
tween USACDC and Lovelace as to what constitutes the critical .
impact velocity for a 10-1b object, the actual difference appears
to be due to scaling and differences in experimental fracture
development. as employed in the origiral research. For skull
fractures due to hard, blunt impact, the velocity data published
: by Lovelace is believed to be the best available at this time.
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Table 5.12. Tentative critical impact velocities .
for blunt trauma due to hard, 190-1b H

object.
Skull Fracture Velocity (ft/sec)

Mostly "safe" 10
Threshold 15
Near 1007 23
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Blunt Trauma - Thorax

Lovelace research (Refs. 5.72, 5.107) on blunt trauma due

to missile impact to the chest area has produced the data found

in Table 5.13. These data were developed from research employing
two sizes of blunt objects impacting with the lateral thorax of
As evidence from Table 5.13, and as expected, the lighter

SRS

dogs.
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object requires more energy to produce a specific biological
effect. Caution must again be expressed in scaling,animal data
directly to human response.

Table 5.13. Effects of 0.4-1b and 0.8-1b missile impact
on the chest.

Threshold Velocities

(ft/sec)
Biological Effects 0.8 1b 0.4 1b

. Lung Hemorrhages:

i Side of impact only 45 80

{ (unilateral)
] % Impact side and opposite 110 125 X
¥ side (bilateral) '
| Rib fracture 60 120
b/ Internal lacerations 90 120
R from fractured ribs
i Fatality within 1 hour 155 170

From Table 5.13, the velocities required to produce uni-
; lateral or bilateral lung hemorrhage, or more complicating in-
* juries, are fairly high. For the 0.8- and 0.4-1b strikers, minor
hemorrhage threshold occurs at 45-80 ft/sec. The threshold for
lethality is 155 to 170 ft/sec.

b ¥

Blunt Trauma - Abdomen

A compilation of data by Clemedson (Ref. 5.108) has in-
dicated that the abdomen (liver, spleen and kidney) is the most
sensitive area vo blunt trauma. The next most sensitive area is
the head (central nervous system), followed thirdly by the heart.
1 From civilian crash studies, the mortality rate for blunt trauma
, to the liver has been indicated by Clemedson to be about 40-60
percent. In a series of experiments on dogs by Hellstrdém (Ref.
5.108), initial liver damage occurred at impact velocities as
low as 5 ft/sec (see Figure 5.14). These experiments employed a
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15.5-kg mass impacting at known energies. Major damage to

the liver, usually resulting in death, occurred at impact veloc-
ities above 12 ft/sec. From these data, a tentative velocity
value for blunt injury to the abdomen indicates a threshold level
for injury at 5 ft/sec and a near 100% level for fatalitv at 20
ft/sec (see Table 5.14).

Table 5.14. Tentative criteria for blunt impact
(mass 15.5 1b) to abdomen (liver).

Injury Classification Velocity (ft/sec)

Burdening 5-14
Lethal 12-20

Penetrating Trauma

The science of wound ballistics has investigated the effects
of penetrating missiles and has developed much of our understanding
of this form of injury. The physical wounding effects of a pene~
trating missile depend much upon the amount of kinetic energy

avgilable and upon the transfer of that energy to the tissue medium.

The power available to generate a wound varies directly as the
impacting area and shape of the missile, the density of the mediwm,
the cube of the velocity, and varies inversely as the mass

of the missile. The intervening tissue modifies a wound by such
characteristics as elasticity, cohesiveness, brittleness, density,
and length of missile tract.

Perforation or penetration wounds are lethal provided cer-
tain organs are involved or the area involved is large enough.
For some injuries, mortality is almost entirely due to perfora-
ting wounds, as for example mortality of colon injuries (Ref.
5.109). From studies (Ref. 5.97) of civilians and military
casualties of the Second World War, the British concluded only
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penetrating splinter wounds of the head, neck and trunk are
highly dangerous, and almost any such wound may be regarded as
an incapacitating wound provided the missile concerned penetrates
through the skin into the underlying tissue. 1In the case of
limbs, single splinter wounds are not considered as dangerous,

p and the relative number of hits by small splinters which would

| prove incapacitating is clearly smaller.

A comparative study (Ref. 5.97) of the wounding power of

steel balls and metal splinters produced the data of Figure 5.15.
The mass of the missiles studied was 58 mgm. This was related
to the average size of wounding fragments from the casing of a
conventional gravity bomb. Although this does not necessarily
relate to the size and velocity of penetrating fragments due to
nuclear weapons, it does allow comparisons of the effect of mis-
sile shape on wounding ability. As shown in Figure 5.15, the random-

j shape 58 mgm missile requires 2600 ft/sec for a BDSO' while the
;i , same mass but uniform ball configuration only requires 1300 ft/
E: sec for a BD50 level of incapacitation. These values are for
clothed body surfaces (type of clothing unspecified) and random
angle of impact (normal or oblique).
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A more specific study of ballistic limits of tissue and i
clothing is that of Sperrazza and Kokinakis (Ref. 5.110). 1In g
i

bk

this study, steel spheres of 1-, 2-, and 10-gram masses were im-
pacted against military winter attire and human skin. From this
. study, a relationship of the Vso ballistic limit (fragment just
penetrates in 50 percent of impacts) versus fragment area-mass
was develcﬂed'(see Figure 5.16). The information contained in
Figure 5 16 was employed in USACDC studies (Ref. 5.103) to develop
Vso values for stone masseg of 0.1-, l-, and 10-grams (see Table
5.15. From these data, the USACDC developed curves which illus-
trate overpressures as a function of yield (see Figure 5.17).
These curves correspond to the 0.1-, 1.0-, and 10-gram stone
velocities that produce s 50-percent incidence of severe wounds.

NN
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Figure 5.15. Wounding power of 58 mgm metal ball or
splinter striking clothed body.
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wounds for three stone masses.
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For example, for a 1-KT weapon, the overpressures which produce

2 VSO
respectively.

Table 5.15.

Missile

Ballistic limits of skin and clothing.

Mass

(grams)

Steel
Sphere

Stone¥*

1.0
2.0
3.0

0.1
1.0
10.0

Ballistic Limits (VSO)

(ft/sec)

Uniform

502
450
364

1340
1160
560

197
171
131

617
340
200

Skin

for 0.1-, l- and 10-gram stones are 59, 56.8 and 46.5 psi,

.

*Ref. 5.110
*rpef. 5.103
Cutting Mechanisms (Glass)

For deterrining lethal levels of glass fragments, the
development of LD values becomes very difficult. In conventional
bombing cases observed during the Second World War, glass was not
the primary cause of death. Only in cases of severely lacerated
arteries or organs could glass fragments be considered the lethal
factor. Generally, glass lacerations were multifarious, super-
ficial, and located cn uncovered body surfaces. Superficiai or
not, glass laceration was a serious wound in that it carried wich
it contaminating dirt and debris which ied to difficult compli-
cations in wound treatment. Where severe laceration was involved
with a patient that eventuaily died, the patient also had other
complications such as compound fractures and organ damage. Of
civilian bomb casualties during the Second World War, the obser-
ved death rate, attributed to glass, was found in one British
hospital to be approximately 0.3 percent (Ref. 5.111). When the
nuclear bomb exploded over Hireshima, windows were broken in
places exceeding 10 miles distance (Ref. 5.112), and flying glass
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1 caused a large number of casualties, even up to 15,000 feet from
ground zero (Ref. 5.62). For very low yield nuclear weapons,
where blast duration is insufficient to accelerate larger missiles
to high velocities, the glass hazard may be a particularly
important missile injury mechanism. ‘
i
i
1

For personnel inside structures, the probability of being
hit by glass fragments decreases rapidly as a person moves lat-
erally from behind a window. At 25 degrees from the edge of a
window pane, the density of glass fragments is approximately one-
tenth the density of fragments measurad directly behind the win-
dow. Since the lateral spread of fragments is not great, the
probability of hit decreases rapidly. This was extremely evi-
dent in injuries of British civilians during World War II. As
the people learned to quit looking out their windows during bomb
raids, the number of glass casualties decreased dramatically
(Ref. 5.111).

: In one Nevada nuclear weapon effects study (Ref. 5.113),

' dogs were exposed to missiles from window glass as a result of
an 11-KT explesion. The result of these tests indicated the
weights of penetrating missiles increased exponentially with
decreasing overpressure. At an overpressure of 3.9 psi, there
was an average of 2C wounds per animal and about 2 severe wounds
per animel.

remin .~

To further quantify the glass missiles, tests were con-
ducted (Ref. 5.114) using a series of styrofoam witnesses behind
0.125-inch thick windows. From these studies, it was determined

that, at a distance of 10 feet behind a window pane, the prob-

ability of glass fragments penetrating tissue increased with in-

creasing overpressure up to 3.8 psi. Beyond 3.f psi, the prob-
t ability of penetration decreased. This situation develops with
glass in that, as overpressure increases above 3.8 psi (under
conditions of tests), the size of the glass missiles decreases.
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Figure 5.18 is an illustration of this situation. From Figure
5.18 at 5 psi and 10 feet from the window pane, 4 percent of the
total missiles have sufficient energy to penetrate skin. Also,

at this distance and overpressure, the expected penetraticn rate

is 4 missiles per square foot. The following equation was designed
to describe this relationship.

log V - 2.5172 + log(log m + 2.3054)
0.4842

!

i

P H

£

3 \ where i
b : p = vprobability of penetration ;
¢ V = missile velocity, ft/sec §

M = mnissile mass, gm (Ref. 5.114) g

R e b

During the above described experiment, in one test,the
mean mass of fragments at 5 psi was 0.119-grams. The mean velo-
city of these fragments was 162 ft/sec, and there was an average
of 88.3 fragments trapped per square foot at a distance of 9-13
feet behind the window. Overall the mean mass of the fragments
in a series of seven tests ranged from 0.119-grams to 1.85-grams,
and the mean velocities ranged from 99.2 ft/sec te 175 ft/sec
(Ref. 5.115).

%

SR e St e

Bears o

The probability of incapacitation from cutting mechanisms
is proportional to the size of the cut area. A formula express-
ing this relationship in terms of combat ineffeciveness has been
E: applicable to civilian casualties. For a first-order analysis
: of injury due to cutting mechanisms, White (Ref. 5.116) has indi-
cated that 1) skin laceration may be anticipated at missile velo-
cities on the order of S50 ft/sec and 2) serious wounds involving
penetration of serous cavities may be predicted at velocities of
about 100 fr/sec in a few cases and, in most cases, above 400 ft/
sec.
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Lovelace studies (Ref. 5.101) have shown the probability
of glass missiles producing serious wounds is a product of the
mass-velocity relationship of the missiles. In their early
studies, the Bbgghbélocity values for l-gm and 10-gm glass
missiles were tentatively set at 430 and 355 ft/sec. Employ-
ing the Lovelace data, the ITT Research Institute (IITRI) indi-
cated that the mass-velocity relationship for glass laceration
or penetration is approximately related to the MV4 value of the
glass missile. A recent Lovelace paper (Ref. 5.117) on glass
penetration gives a 99-percent probability of penetration of
the body wall, by a 2-gm mass, as 500 ft/sec (see Table 5.16).

Table 5.16. Velocity of glass fragments having
probability of penetrating skin
and body wall.

Glass Fragment Mass (gram)

Probability
of Penetration 0.1 0.2 0.5 1.0 2.0
1% 190 150 125 110 90
50% 590 440 360 280 215
99% 1100 880 680 590 500

(Ref. 5.117, p. 8)

For the probability of mortality from glass penetration
of the abdomen, IITRI scientists have estimated the single
event has a 30-percent mortality factor. This would mean that,
at a 99-perceht probability of penetration, an event with a
30-percent mortality factor has a lethaligy equivalence of
LD4g: while a 50-percent probability of penetration has an
equivalence of LDy5. A ballpark number from a meeting with
the Lovelace scientists (Ref. 5.118) has given glass penetra-
tion of the serous cavity a 50-percent mortality factor. This
would indicate that a 99-percent probability penetration has an
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equivalence of LDSO' From this, a very tentative estimate of
lethality fer glass is LD30-50 for 99-percent probability of
penetration. From such penetration data and measurements of the
velccity, mass and spatial distributions of glass fragments for
various window constructions and blast-wave parameters, injury
and fatality criteria are presently being developed in a way
that they may be indexed to the yield, height-of-burst and peak
overpressure of the blast. Highly preliminary results from Monte
Carlo calculations indicate an effective (reflections included)
peak overpressure, approximately independent of yield and burst
height, of ~5 psi for LDSO and a value on the order of the win-
dow breakage threshold (typically ~l psi) for BDSO' As expected,
these preliminary results also indicate a reduction in the
fatality probability with increasing overpressure (i.e., larger
overpressures product less penetrating fragments) but the other
air blast effects will have reached lethal levels.

5.4.4 Tertiary Airblast Effects--Whole Body Translation

Translation of ctjects due to blast winds from nuclear
explosions can produce human casualties in a variety of ways.
Either penetrating or non-penetrating debris energized by the
airblast can induce wounds tc¢ the point of lethalirty. Whole-body
transiation results ip an abrupt impact or a2 wore gradual tumbling
deceleration. The velocity-displacement relation of a trans-
lating object is different at the same overpressure value for
weapons which are different in yield, and this difference can be
related to the duration of the blast wave. In turn, the trans-
lation of different objects is related to their individual drag
coefficients, acceleration coefficients, and motion character-
istics when airborne.
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Anthropomorphic dummies exposed to blast winds from
nuclear explosions have been studied to estimate the trans-
lational characteristics of humans (Ref. 5.119). One sig-
nificant finding from these studies involves orientations.
As the blast winds overpower the standing dummy, its feet are
knocked out from under it, and the dummy rotates through the air.
With sufficient rotational movement, the head is the first part
of the body to come in contact with the ground surface. As the
dummy rotates through the air, its acceleration coefficient
alters with its positional changes. Acceleration coefficients
(a) are essential in predicting the velocity a translating object
will obtain. Bowen (Ref. 5.120) tabulated the a-values for
various positions of man as well as various sizes of stones,
window glass fragments, and steel spheres. For man, an effective
acceleration :oefficient was estimated at 0.030 ftzllb. This was
reasonably close to the 0.0268 ££2/1b derived from studying
film clips of a rotating dummy as it translated through air.

Lethal Injury

Impact

To calculate the overpressure vs. yield at which a human
casualty will suffer a burdening or mortal injury from transla-
tion, the velocity required to generate thie casualty must be de-
termined. Initial research (Ref. 5.121) indicated probably
lethal impact velocities for random impact orientations after a
10-foot translation distance of LD, = 24 fr/sec and LDgg = 29
ft/sec. These values were scaled from experiments employing
small animals. 1t was subsequently determined (Ref. 5.88) that
small animals developed degrees of casualty at different velo-
cities than larger animals, and a new LDg, velocity for man was
tentatively set at 54 ft/sec. These data were modeled using
information derived from studies employing dogs as test subjects.
The latest values (Ref. 5.118) accepted by the Lovelace Foundation
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§ for man's LDSo value for impact with random orientation, based
on data derived from sheep, is 35 ft/sec. (See Table 5.17).
This is still a tentative result requiring extensive testing

} and modeling.

o TABLE 5.17. Impact velocity for a given probability
¢ of injury or mortality (ft/sec), impact
k at random orientation.
(Data modified from Fletcher, Refs.

5.118, 5.122) o/m = 0.23
Injury 6.5:2 154:2 28.4 70
Mortality 26.7 T3 3502 42.67)

The initial orientation of human subjects is important to .
the maximum velocity developed in that different a-values are !
related to different surface areas. Fletcher, et al., (Ref. 5.122)
ran a series of model computations of displacements for personnel

initially prone and initially standing. For the initially prone
exposure, velocity calculations were made for end-on, side-on, or
random orientations to the airblast. For initially standing
personnel, exposures to airblast were only considered for front-

on or back-on orientations. These data were calc:lated for various
overpressures developed for surface bursts, upper optimum HOB, and
lower optimum HOB of different yields. From the modeled data a
series of tables were developed which relate velocity and dis-
placement, for personnel exposed to weapons ranging from 1 %

to 100 MT, to the blast-wave characteristics.

Applying the velocity data from Table $.17 to the above des-
cribed modeling results of Fletcher, the overpressures correspond-
ing to different injury levels can be estimated. For 1- and 10-KT
surface bursts, the resulting LD50 peak overpressure values for an
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initially standing person are 14 psi and 9 psi, respectively (see
Table 5.18). From the same results of Fletcher, a standing person
who is hit, front-on or back-on, with blast winds of l4-psi peak
overpressure from a 1-KT explosion, can be expected to be trans-
lated a distance of 28.7 feet, with a peak velocity of 35 ft/sec.
The same person, if hit while in a random, prone position, would
be translated 18.7 ft and attain a peak velocity of 27.1 ft/sec.
(See Table 5.19).

Table 5.18. Overpressure (PSI from puclear weapouns
developing LDgg impact velocity (35 fps)
(impacting at™ 35 fps - random impact orientation)

Initial 0.1 KT 1XT 10 KT 100 KT
Orientation S HOB S HOB S HOB S  HOB

Standing, 22.6 21.6 14.1 16.1 8.6 11.1 6.2 7.2
Front or Back
to Wind

Prone, Random 79.1 33.6 47.8 20.3 28.4 11.9 14.6
Orientation

S = surface burst
HOB = upper optimum height-of-burst
Developed from displacement tables (Ref. 5.122)

Table 5.19. Differences in computed human translations
by blastwinds from a surface burst nuclear
weapon developing 14 psi overpressure.

Initial N

Orienta- 0.1 KT 1 KT 10 KT 100 KT
ton V¥V D YV B VY D ¥ D
Standing, 18.2 20.4 35.0 28.7 66.1 80.9 111.5 198.0
front-on
or back -on

to wind

Prone, 13.8 5.99 27.1 18.7 50.9 54,0 87.5 138.8
Random
Orientation

V = maximum velocity, ft/sec
D = total displacement, ft
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Table 5.20 is a further application of the Fletcher data
by which yield dependence for displacement of a prone or stand-
ing person is calculated.

Table 5.20. Tertiary airblast criteria, surface burst.

Yield (KT)
0.01 0.1 1.0 10.0 100.0 E

A. Displacement of Prone Person in Random Orientation
Impact with Non-Yield-

: ing Surface after 10 ft Overpressure (psi) B
3 of Body Travel
Threshold 28.6 i7.9  11.0 7.5 5.6 5
! BDsy 68.4 31.3  19.8 12.6 7.8 3
] LDy ---- 79.2 33,6 20.3 11.9 :
E Decelerative Tumbling 3
: Threshold ---=  58.5 29.1 18.0 10.6 4
i BDs,, em- e-e- 65.6  28.8  17.4
E LD cme- ---- 51000 43.0  24.0

B. Displacement of Standing Person Front- ox Back-On to Wind

Impact with Non-Yield-
ing Surface after 10 ft
of Body Travel

Al
Wy

q Sl s Onets

Threshold 10.8 6.6 4.5 3.3 2.6
- BDSO 21.0 12.4 7.5 5.2 4.0 7
4 LDSO 37.7 22.6 14.1 8.6 6.2
Decelerative Tumbling g
Thzeshold 32.4 19.9 16.0 7.6 5.5 H 4
BD50 94.9 35.6 22.1  14.3 9.4 -::
! LD, »ee~  67.5 32.4 21,2 14.5 i 3
! JO 1 3
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The LDSO velocities thus obtained are only for perpendicu-
lar impact with a hard, non-yielding surface. If softer surfaces
were considered, a different impact velocity would be necessary.
This in turn would develop a new set of overpressure values for the
different weapons. In 1967 Schildt (Ref. 5.51) published a test
in which fatal impact, based on data of Richmond, Bowen and White
(Ref. 5.121), were calculated at 9 m/sec (29.5 ft/sec) for perpen-
dicular impact with 2 hard, non-yielding surface. Schildt also con-
sidered the impact with elastic and soft material, e.g., snow,
bushes. Schildt did not indicate velocities which were considered
for the elastic or soft material, but for a 1-KT weapon, the LD50
overpressures were 11.0 and 29.4 psi, respectively (see Figure 5.19,
Table 5.21).

Table 5.21. Peak overpressures (psi) developing lethal
impact with various surfaces. LDSO velocity
= 29.5 ft/sec (from Figure 5.5).
1 KT 10 KT 100 KT
Hard, Non-yielding 11.0 7.1 4.8

Elastic - decelerative 20.6 11.9 7.9
force one-half of A

Soft - snow, bushes 29.4 19.1 11.8

7 o

An estimate of the LD50 velocities for impact with elastic
material and soft material can be obtained from the overpressure
data of Schildt and the velocity/displacement tables of Fletcher
(Ref. 5.122). This yields LDg, velocities for perpendicular im-
pact of 29.5 ft/sec for a non-vielding surface, 42 ft/sec for elas-
tic material, and 102 ft/sec for soft material. The Lovelace LD30

AN A Ly st

perpendicular impact velocity value for non-yielding surfaces is
18.6 percent higher than that of Schildt (35 ft/sec vs. 29.5 ft/sec).
If the Schildt velocity values are directly scaled from the single
impact velocity value of Lovelace, the impact velocities become

35 ft/sec for a non-yielding surface, 50 ft/sec for elastic materisl
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Figure 5.19. Variation of probability of death from tertiary
blast effect with yield and peak overpressure

(see Table 5.21).
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and 120 ft/sec for soft material. For these velocities, a 1-KT

yield will produce an Lbsq for non-yielding surfaces at 14 psi,
' elastic material at 18 psi

, and soft material at 34 psi (see
Table 5.22).

Table 5.22. LDsg values for random impact with various
surfaces. Calculated for surface burst.

o oesash o % i

o Pem S s S

Velocity Peak Overpressure (psi) :
(ft/sec) 0.1 KT 1 KT 10 KT 100 KT ;

Non-Yielding 35 22 14 5 6
Elastic Material 50 29 18 11 8 .
Soft Material 120 -- 34 22 10.6 ;

NOTE: This is Fletcher's data (35 ft/sec for LDSO)
scaled to Schiidt's data for impact with
various surfaces.

Fletcher - Ref. 5.122
Schildt - Ref. 5.51

The complexity of the problem in determining lethal impact
velocities can be illustrated by the following. For a random
orientation upon impact, the lethal (LDSO) velocity is 35 ft/sec,
if impact is made with a hard non-yielding surface. For a human
subject to be accelerated to this velocity the required over-

. pressure from a 1 KT surface burst weapon is 14.0 psi, if the
{ subject were inifially standing back- or front-on to blast wind.
V~§z 1f the person were initially prone, in a randem position, the

overpressure necessary to accelerate him to 35 ft/sec would be

33.3 ps.. for a 1 KT surface burst. The problem thus becomes more

complex in three ways: 1) If the person were initially standing

: sideways or reclining prone in a specific position, such as head-
, 3 ' on to the advancing blast wave, the required overpressure to
’ accelerate the person to 35 ft/sec would depend on the person’s
initial orienrtation; 2) if the person, impacting with s hard

non-yielding surface, impacts with a specific orientation, the
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required impact velocity wouid depend on final impact orienta-
tion of the person, 3) if the person impacted with a substance
other than a hard non-yielding surface, the necessary velocity
for lethality would be increased.

As an example result, a standing person hit by the blast
winds of a 1 KT surface burst nuclear weapon would experience
the following peak overpressure for a 507% probability of fatal
impact due to translation, assuming the impact occurs within
10 ft of body travel:

1 KT 10 KT
LUSO = 14,1 ¢ 0.6 psi LDg, = 8.6 0 3 psi

Decelerative Tumbling

The response of man to impact is sensitive to the amplitude
(kinetic energy of tramslating body) and time (suddenness of
deceleration) characteristics of the impact. Because cf this,
man's burdening and lethal limits are much higher for decelera-
tive tumbling than for impact. This relationship of casualties
to arplitude and time characteristics has already been pointed
out in the lethal impact studies of man against different sur-
face hardnesses.

The relative tolerance of the human body, organs, or
tissue, to injury is related to the mode of casualty production
(Ref. 5.108). For tertiary blast injury (injuries resulting from
whole-body translation), the head is the area most sensitive to
trauma (see Table 5.23). Next would be the thorax (the heart
and major veins and arteries), while the abdomen would be least
sensitive. This categorization is under extremely ideal condi-
tions. For the translating human body, the relative tolerance
characteristics will depend upon the terrain over which the body :
is tumbling and the orierntation(s) of impact. 4 blow to the
abdomen due to the body striking a projecting object will mimic
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a secondary blast injury (injuries due to debris impacting with
the body), in which case the abdomen is more sensitive. If the
angle of impact is low, the body will be able to "skip" along

cthe surface, releasing kinetic energy in a number of impacts and
thus minimizing the seriousness of each blow. These relationships
tend to complicate any attempt to establish burdening or lethal
limits to decelerative tumbling.

Table 5.23. Tolerance of organs to three types of blast
effects. (Most sensitive organ first cne
in series.) Ref. 5.108

Primary : 1) lungs and circulatory system,
(blast overpressure) 2) gut

3) liver and spleen,
4) central nervous system

Secondary: 1) liver, spleen, kidney,
égi:iiezgceleraced 2) central nervous system,
3) heart and great vessels
Tertiary: 1) central nervous system,(brain and spinal
el 2 greae vessels, coluam)
3) liver.

The Lovelace Foundation has estimated a peak velocity
during displacement of 120 ft/sec would result in a ¢5% probabil-
ity of burdening injury from decelerative tumbling (see Section 5.3.4
on Burdening Effects for burdening injuries). For impact,
Fletcher (Ref. 5.122) has indicated a 95% probability of injury
is appruximately equivalent to s 5% probability of mortality.
1f the same correlation exists for decelerative tumbling, then 5%
mortality would be in che region of 120 ft/sec. 1If a regression
analysis is now performed in which the slope for the lethality
curve for decelerative tumbling is assumed to be the same as that
for lethal impact, the LD¢q for decelerative tumbling fails at
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148 ft/sec (see Figure 5 20). Peak overpressures which develop
peak human translation velocities of 148 ft/sec are derived from
the velocity/displacement %ables of Fletcher, and the results are
39.6 psi for a 1 KT weapon and 25.4 psi for a 10 KT weapon.

From a study (Ref. 5.123) in which goats were translated
from blast tubes, a LD50 peak velocity for decelerative tumbling
was 80 ft/sec. Using this value and the slope of the lethality
curve for impact, at 77% casualty the BD and LD curves for
decelerative tumbling cross each other (see Figure 5 21). 1In other
words, above 777, ox 88 ft/sec, all decelerative/tumbling casual-
ties have a greater probability of being fatal injuries than ser-
ious injuries. It is interesting that these two curves would
cross at 88 ft/sec in that this is the maximum velocity to which
dogs and goats were subjected during decelerative tumbling
investigations by the Lovelace Foundation (Ref. 5.118). During
these investigations, no significant mortality was detected below
88 ftr/sec.

Since the body is subjected te multiple impacts with de-~
celerative tumbling, the slope of a line, which represents this

,

-

T P N T IR SRS

effect, may not necessarily follow the same slope as that for a
line which represents a single impact. On the basis of animal
studies, the Lovelace Foundation (Ref. $.122) has tentatively

assigned the same value for burdening injuries whether the
casualty is due to impact or decelerative tumbling. A source of
possible error may be the animals employed (Ref. 5.118). The
sheep are, to some degree, a round animal and tend to roll upon
impacting with the surface. Also, sheep, goats, and dogs are all
quadrupeds and give differemt structural/strain characteristics
than would be found in a biped. For example, a difference in
flight motion characteristics was noted between anthropomorphic
dummies 2nd goats during translation studies. When considering
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Figure 5.21.
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the goat data that were originally employed to determine a LD50

of 80 ft/sec for decelerative tumbling, the animals did not re-
main low to the ground when air-blasted from shock tubes. Instead,
they were observed to be lofted into the air. This lofting tends
to result in an impact rather than decelerative tumbling. From b
this, it follows that the 80 ft/sec value for decelerative tumbling 3
may not be the proper value for this casualty.

It would seem at this point that, for decelerative tumbling,
LDy, occurs somewhere between peak velocities of 80 and 148 ft/
sec. The arithmetic mean of this is 114 ft/sec. At 114 ft/sec,
the peak overpressures from a 1 KT weapon which generate this
peak velocity are 32.5 psi for a standing person ard over 100 psi
. for a prone, randomly oriented person (Table 5.24). At a2 peak over- . 3
pressure of 100 psi, the probability of death from the primary 3
effect of overpressure is approximately 1007 (see Table 5.7).
From this, it appears that uncertainties in translational effects
which occur at peak overpressures greater than 100 psi may not
be critical since fatalities would also result from the direct 3
effects of these overpressures.

[
»

Lo

Table 5.24. Probability of lethality from decelerative
tumbling generated by blast overpressure - E
based on LDSO peak velocity of 114 ft/sec. A

Peak Overpressure (psi) Al
0.1 KT 1.0 KT 10 KT 100 KT

67.5 32.5 21.2 14.5

Initial
Orientation

Standing front-or
back-on to wind

Prone, randonm >100 >100

orientation

42.8 24.0
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Burdening Injury

Impact

For whole-body translation which terminates in impact with
a solid, non-yielding sucface, the velocity which results in a
burdening injury to 50% of a population (BDSO) has been estimated
by the US Army Combat Development Command as 22 ft/sec {(Ref.
5.103). The BD50 velocity was estimated from the velocity which
produces a 1% mortality in animal population. This relationship
was assumed from earlier animal studies by the Lovelace Foundation
(Ref. 5.93), which indicated that impact with a non-yielding sur-
face that resulted in 1% mortality within an animal population
developed burdening injuries in approximately 50% of the surviving
population. Frox a probit analysis of accident and suicide data,
the human LD01 velocity was found to be 22 ft/sec (Ref. 5.124).
Assuming the 1%/50% mortality/burdening relationship, the BD50
velocity for man is 22 ft/sec (Ref. 5.124). One problem arising
from this study concerns the suicide data. The information used

S A ot bt 8 b

for this analysis was biased in that most of the victims landed
feet first. If a more random impact situation is considered, the

22 ft/sec value would prove to be tco high.

In 1968 Hirsch (Ref. 5.125) pubiished a paper on the tol-
erance of man to impact. The data were based on studies of human
volunteers and accident victims. It was found that at 20 ft/sec
there was an almost certain probability of impact injury (Bbgg)
and a likelihood of some fatality (LDOl). The studies also
indicated a BDO1 value of 10 ft/sec. From these data, it is
apparent that the mortality/burdening relationship (LD01 = BDSO)
is not appropriate for human data. Based on the data of Hirsch
(Ref. 5.125), Fletcher in 1975 (Ref. 5.122) found a BD50 value cf
15.4 ft/sec. This information is in agreement with White's update to
"Effects of Nuclear Weapons" (Ref. 5.94), where impacts were indi-
cated to be mostly "safe" at 10 ft/sec. In terms of burdening injury,
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Fletcher (Ref. 5.122) further refined the data of Hirsch and com-
bined these data with those of experiments with sheep. The
results from a probit analysis established BD 1 as 6.5 ft/sec,
BDSO as 15.4 ft/sec, and Bbgs as 28.4 ft/sec (see Table 5.17).

The 1975 impact data of Fletcher in Table 5.17 are for com-
bined orientations. 1If BD50 is considered for specific orienta-
tions at impact, the velocity values, based on sheep data, range
from 12.1 ft/sec for a prone orientation at impact to 20.5 ft/sec
for a supine orientation at impact (Ref. $.122).

phatwes Bnntat

If the velocities for burdening injury are compared to the
velocity/displacement data of Fletcher, the peak overpressure for
a BD50 at 1 KT and 10 KT are 7.5 psi and 4.2 psi, respectively.
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Decelerative Tumbling

In 1971, the USACDC (Ref. 5.103) indicated that a peak velo-
city of 63 ft/sec would produce a burdening injury from decelera-
tive tumbling in at least 33% of the personnel involved. Tnis
estimate was derived from a direct scaling of goat data te human
probabilities and is based on studies incorporating goats sub-
jected to shock tube accelerations. The 63 ft/sec velocity was
located on an impact probability table, and a regression line
parallel to that for burdening impact drawn through the new velo-
city point. This new regression line indicated a BDSO value for
decelerative tumbling of 76 ft/sec. From the same regression
line, the BDSO peak velocity is 20 ft/sec, BD95 is 146 ft/szc,
and BD99 is 192 fr/sec. When the peak velocity values were
applied to USACDC overpressure curves for various weapon yieids,
the BD50 for 1 KT was 37 psi and for 10 KT was 33 psi.

SHL st e

NNy

Fletcher (Ref. 5.122) in 1975 determined translation
characteristics for decelerative tumbling from studies of anthro-
pomorphic dummies and goats subjected to blast winds of nuclear
explosions and high explosive detonations. From the impact
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studies of Hirsch (Ref. 5.125), a base value for decelerative
tumbling was estimated. A regression line parallel to the impact
regression line of the Fletcher study produced a set of casualty
probabilities for decelerative tumbling over open terrain:

BD01 = 28.8 ft/sec, BDSO = €6.4 ft/sec and 8095 = 120 £t/sec.

The data of Fletcher establish a BDSO peak velocity of
about 10 ft/sec lower than tle USACDC values. For BDSO peak
overpressures, the data and graphs of USACDC indicate 37 psi
for a 1 XT yield and 22 psi for 10 KT. The data of Fletcher
indicate 22.1 psi at 1 KT and 14.3 psi at 10 KT (see Table 3.23).

Table 5.25. Decelerative tumbling resulting in
burdening injury to 50 percent cf a
population.

se
Peak Overprescure

Velocit si
Source (ft/sec) 1 ¥T 16 KT

Army Combat 76 37 22
Developments Commarnd

Fletcher, 1975 66.4 22.1 14.3

5.4.5 Structural Collapse and Pebris

Whiie che previously discussed, individual airblast
effects are moderately well quantifiable, the causes of injuries
and mortality to personnel located inside structures are
extremely varied and interrelated. The possible effects include
direct overpressure, glass, high-velocity debris, wiicle-body
translation (with tumbling and/or impact), floor sweep, and
structural collapse (low-velocity debris). Most of thesz effects
are vield dependent. The higher overpressure vulneratilities for
some effects at smaller weapon yields reflect, among otner things,
the lower damage produced at a given overpressure level by dynamic
impulse or drag loading due to the shorter blast wave duration of
small] yield weapons. (More generally, the yield dependence of
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these damage functrions implicitly reflects their dependence on
other blact wave parameters, such as its duration, and accounts
for the fact that few casualty producing mechanisms depend solely
on peak overpressure.) The yielc dependence of these damage
mechanisms also illustrates that effective values for combined
2last effects, which have been calculated at large yields (v1 MT)
and indexed to peak overpressure, will be likely to substantially
cverestimate blast casualties if they are adopted directly for
lcw-yield weapons.
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One methed which has been frequently used to scale
rersonnel blast vulaeravilities with weapon yield is to adopt
the savmc scaling laws appropriate for blast damage to the structures
within whish the people are located. A basic weakness of this
approach ir ithat it does not treat in sufficient detail the actual,
unde.1ying mecr.znisms responsible for produ.ing casualties which
have different yicld dependences For example, a person on an
upper floor of a typical, weak walled multistory building may be
swept out of the building by the first part of the blast wave
and be kifled by impact with the ground. The blast winds that
then follow may or may not locsd the skeleton frame of the building
left behind to an extent sufficent to bend or collapse the struc-
tural members. The latter effect i3 the one described by conven-
tionsl data for dJamage to structures, not the first effect that, in
this «ase, actually produces the fatality.

v
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while each of the component effects can be handled,
the combinaticn requires a methodology such as the Monte Carle
approach uf Longinow ard Ojdrivich or the mechanistic probability
approach of Fricke (Ref. $.70). Since the Monte Cario anslysis
is not appropriate for the lower yields, we will adopt Fricke's
values recognizing that further refinements should be undertaken
to reduce the large uncertainties, especially at the lower yields.
Table 5.26 presents a summary of the airblast LDg, and D, values
for personnel in varivus structures (glass to be considered
separately).
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5.4.6 Summary of Effects (Tentative Estimates)

Tables 5.27, 5.28, and 5.29 summarize the human response
probability for persomnel subjected to the various effects of
airblast, The list is far from complete and most values are
still tentative estimations from presently available data.
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Table 5.27. Summary Primary Airblast Effects on Man
(overpressure in psi),

Yield (KT)
1.0 10

Whole Bedy

Prone (parallel to
shock wave) LDOl

LDSO

ng 9

Standing or Prone
(perpendicular to
shock wave) LDOl

LDSO
I..D99

Thorax Near
Reflecting Surface LDOl

LDbO
LD99

Lung
Threshold BD(Jl

Severe BD8 5
Eardrums BDOl

(W

BDgy

BD99

ity Jo i babyid

Unless otherwise noted, estimated uncertainties are of the order
of +15% for 1.0 KT and above, and +20% for 0.1 KT and below.




Table 5.28. Summary of Secondary Airblast Effects on
Man (peak overpressure in psi),

Yield (KT)
0.01 0.1 1.0 10 100 1000

f-

Blunt Trauma

Whole Body-Standing
Solid Object

E 1 pound 1Dy 157 76 31 19 11 9
i
: BDg, 74 40 18 12 7 6
gi' 5 pound LDgy 134 61 24 15 9 6
E BDga 63 32 14 9 6 4
- 10 pound LDy 106 53 20 13 8 5
: BDg, 50 28 12 8 5 5
- Penetrating Trauma
-3 Whole Body :
. 3 Metal Sphere LDgy 89 78 69 6L 54 50 3
3 (58 mg) BD 76 68 62 56 50 47
] 50 =
9 Mctal fragment LDgg 97 85 75 65 58 54
} (58 mg)

BDSO 83 74 67 60 54 51
Stone Masses

0.1 gm LDS,) 84 75 66 58 51 43

BDSO 72 65 59 53 48 45

1.0 gm LDSG 50 71 64 56 50 46

: BD50 68 62 57 51 47 43

10.0 am LDSO 73 61 52 45 37 32

BDSO 62 53 46 41 35 30

w“

S8 DS L s, 20 ARAS S AR

LAy

s e e

tutting Trauma
Glass LDgq € 3 —>
BDg - 1 —>

s i ¢ I

® Uncertainzies are +i -30% for secondary airblast effects at zll
yields.

® L0540 data for blunt trauma is BDgy data scaled same as Impact-
el 59
Llethal date.

. » LD5g data for Penetrating tauma is BDgg level if Medical Care
not available or vi:al organ hit {e.g., neart) ~ Otherwise LD

\ values are related to probability of number o penetrations

, and/or velocity of missile.




Table 5.2%9. Summary of Tertiary Airblast Effects on
Man (peak overpressure in psi),

Yield (KT)
0.00 g1 L0 10 100 1000

RN

i
*

Whole Body Impact
Standing
Hon Yielding Surface LDy, 51 19 11 7 5 &
3 LD50 38 22 14 6 5
3 LDgg 53 27 17 i1 / 6
‘ 1 : BDy, 11 7 5 303 2
“ ; 3Dy, 21 13 8 4 4 3
g Blgg 35 2L 13 8 & 5
. oes . .
: 4' Elastic Material I‘DSO 59 29 18 11 8 6
Soft Material LDSO -~ 74 34 22 11 8
ks Prone-Random Orientation
. £ Non Yielding Surface Lbgy - 79 34 20 12
3 BDSO 68 31 20 13 8
-7 Decelerative Tumbling
s (open terrain)
¢ Standing LDy, -~ 55 29 19 13
L F . Lb:, -- 68 33 21 158
3 I Lbyg  -- 97 38 2% 17
I % 8y, 32 20 16 8 6
&> 8D¢, 95 36 22 14 9
BDgy -- 74 3% 22 15
3 Prone I‘DSO - -- >100 43 24
B")o -- .- €6 29 17

vncertainties are of the order of +15% for 0.1 KT and above, ¢
+307% for G.01 KI.
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3.5 DETAILED DOSE CALCULATIONS

A study is in progress to produce 2 methodology for
determining the probability of early radiation mortality in
reference man resulting from a single acute exposure to nuclear
weapons radiation. Early radiation mortality is defined as
death attributable to specific high-intensity exposures with-

T an A At R

in 60 days after irradiation. This phenomenon results from the
collapse of the blood forming (red marrow) regions of the body.

The approach used to attain the above objective is to
correlate the probability of early radiation mortality in man
and laboratory animals on the basis of dose to the red marrcw.
Miniature pigs and rhesus monkeys have been exposed to2 photon
and aixed neutron-photon radiation at the Armed Forces Radio-
biolegical Research Institute (AFFRI) and the effects reported
as a function of midline tissue dose (Refs. 5.126, 5.127, 5.128)
This project makes use of the MORSE Monte Carlo raaiation trans-
port computer code (Ref. 5.129) to duplicate these experiments.
analytically, thereby enabling the determination of the doses
received by the red marrow, & quantity not measurzd in the ovig-
inal experiment. Experimencal erivironments are Cetermined from
previously repcrted calculations and measurements applicaktle to
the AFRRI TRIGA reactor (Refs. 5.130, 5.131, 5.132) and x-radia-
tlon (Ref. 5.132) sources. Physical models of the miniature
pig and rhesus monkey are based on the gross descriptions of
the subjects as given in the experiment reports. This material
nas been augmented by the study of frczen <ection of specirens
similar to thos2 used in the actual experiment (Ref. 5.134). ¥n
attempt is made to ohtain absolute red marrow dose values from
thesc calculations, instead, calculated values are normalized to doce
vulues measured at specific points within the subjects in thz actual




experiments. In one experiment (Ref. 5.126) rhesus monkeys
were exposed to both pure photon and mixed neutron-photon
radiation under otherwise identical experimental conditions.
Analysis of this experiment is intended to serve the additional
goal of estimating the relative biological effectiveness (RBE)
of neutrons versus photons for producing the early radiation
mortality phenomenon.

This project makes use of the NMORSE code (Ref. 5.129) in its
adjoint mode to calculate dose to the red marrow resulring from ex-
posure to nuclear weapons radiation. in such a calculation ail
nuciear cross section matrices are inverted, allowing the code
tc follow neutrons and photons in reverse direction, i.e., from
deposizion region to radiation source rather than vice versa.

Particles are sampled from the appropriate response func-
tion for depositing dese in the region of interest (in this case
the red marrow) and are follcwed through all reac’ icns which
may occur until they pass through a sphevical surface surrounding
the man, where particle energy and direction are recordsad.

This process effectively modifies the initial response function
to account for transport through the system. Thus. the

result is also a response function whick may be combined

with any arbitrary radiation field to obtain a dose value

for that fieid. This may be done providing that man does not
significantly perturb the radiation fizid by his presence. 1In
the case of man standing on an open plane this is a good assump-
tion. For the purpcse of this study a model of an adult male
has been produced in Combinatorial Geometry. This model has
been adapted from one reported earlier by W.S. Snyder, et al.,
(Ref. 5.135) and is based on international reference man (Ref.
5.136). The exterior configuration of the malemodel is shown
in Figure 5.22.
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Progress under this project to date consists of the com-
pletion of calculations of photon dose-response for 98.47% of
the red marrow in man. The distribution of red marrow in the
body is shown in Figure 5.23. Response values thus obtained
have been followed by energv group with radiation environment

data consisting of the angle-integrated neutron-induced gamma-
ray fluence calculated at the air-ground interface 1200 meters
from an unmoderated (Watt) fission neutron source located at a

e ot N s

;; height of 50 ft (Ref. 5.137). This secondary gamma-ray field
55 approximates that produced by a low-yield boosted fission wea-~
; por at a similar range and results in an average marrow dose

H

of 4.0E-23* rad(marrow) per source neutron. In the absence

of man the neutron-induced gamma dose at the same point is cal-
culated to be 5.83E-23 rad (tis, free-in-air) per source
neutron. Therefore, for this particular environment the dose/
exposure conversion factor is 0.686 rad (marrow) per rad (tis,
free-in-air).

A S n ks Ay
PRI E AR i .

Publiched estimates of the exposed population fraction
succumbing to a lethal dose to the red marrow give the 50 per-
centile (LDSO) value as 350 rads (marrow) (Ref. 5.35), assum-
ing the svailability of only minimal medical treatment. This
means that £or arn environment having the characteristics of
the cne described above, exposure to the secondary gamma-ray
component alone would require a level of 495 rad (tis, free-in-
air) to produce an average marrow dose having the LDSO value.

Efforts are now underway to calculate the maxr:ow dose
produced by incident neutrons. This problem has some rather
unique features in that man is essentially a column of water
ard as such can trap ncutrons, rapidly reducing them in ecnergy
hy scatter with hydrogen, then &llow them o scatter many times

*Read as 4.0 x 10723,
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before they are captured. Following particles in the adjoint
mode, this translates into the problem of having to follow a
low-energy neutron through many scattering events before it
finally escapes the system and is counted. Several schemes

for reducing the statistical variance of the calculated neutron
response are being tested; however, initial estimates indicate

A

that, in terms of converting free-in-air dose to marrow dose.
neutrons are somewhat more effective than garma rays.

All results obtained to date are preliminary with
significantly more study required to fully understand the
already large body of data amassed. In the meantime work
is underway to complete the skeletal detail of the miniature
pig and rhesus moukey models. On completion of these wodels
wmarrow dose received by the experimental subjects will be
determined and correlated with their response. Further cor-
relation of these dose/response relationships with weapons
radiation deposited dose in reference man will fulfill the
goals originally set for this project.
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5.6 COMBINER INJURIES

-

e peon it T ana

Studies are now in progress, primarily at AFRRI, on the
effects of combined injuries.

Y

Results from these siudies are
not yet available; however, we have made some highly prelimi-~
nary estimates of the potential impact of combined injuries
on damage functions for civilian personnel. These estimates

will be appropriately refined as the results of more thorough )
studies become available.

s

Selected references (Refs. 5.52 and 3.138-5.154 were con-

sulted for these preliminary estimates. Many of the papers showed
i adaptation (or "antagunistic") effects, wherc small trauma in-

'% creased resistance to subsequent larger trauma; and the major-

ity of the studies involving ionizing radiation showed very

}‘ large synergistic effects when other trauma were introduced

.2 later (periods of days) than the exposure to ionizating radia-
3

: tion. HRere, we concern ourselves only with untreated and

essentially simultaneous (''same day') injuries, the different
injuries usually being inflicted within about 2 hrs. A brief

i indication of the major results of a few of these articles is

: given below. These results, together with general impressions

2 obtained frcm the other references listed, have formed the
basis for some combined injury criteria used in the present
examination (Sections 5.6.5 and 5.6.6)

5.6 1 Hot, Dust Laden Air

E: A cursory examination of lata (Ref 5 140) from seven

weapons tests (lov aixr bursts with vields from 10 to 37 KT)
involving a variety of shelter types suggests that this effect
will not be 4 dominant casualty mechanism for the weapon yields

{ and sheltering situstions of greatest present irterest Viz

) at ranges whewe signifrcant burns might be expected, supra

3 lethal doses of {onkzing radiaticn would also be e¢-.pect- .




1 ‘
#
B Consequently, we do not pursue this further here with regard N
. § to combined injuries. However, for deep shelter situatioms, ‘
) such as tunnels or subways, this effect may well deserve fur- i
, ther examination. i
3 5.€.2 Airblast and Thermal Radiation :
: Most of the data reviewed or. the combination of these *
5 rrauma indicates little, if any, "combined injury” effect; by k-
§ combined injury we mean any addition of casualty probabilities 1
_ P other than the usual one that assumes the effects {i} ere &
H independent, Pt:ot 1 - ny {1 - P, ) Indeed, in one expen'nent ;
3 (Ref.S.140) on rats, whe.e a sub lethal flash burn (6 cnl/cu 3
3 30% area) was combined with direct (lung damage) blast injury
H in the lethal range (v30-35 psi), a general antagonistic trend 3
1 (a reduction in mortality) was observed. 3
5.6.3 Airblast and Ionizing Radiation 7
Direct, or Primary., Blast Effects (Lung Damage) 3
;‘ R.K. Jones, et al., (Ref. 5.141). Sheep exposed to A
3 HE blast (145 psi) plus reactor radiation (422 rad, =
B n/y = 5). ¥
3 » No fatalities in 60 days from radiation alone b
* e 25% fatalities from blast alone -
. e 507 fatalities from both blast and radiation. 4
= Lovelace Data, (Ref. 5.140). Sheep exposed to bdlast
.3 (40 psi) plus 60¢, gamma radiation {325 rad). :
3 e 25% fatalities in 6C days from radiation alone p:
X e 15% fazalities from blast alone :
e 15% fatalities from both blast and radiation. . ;
s 1 .
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Lovelace Data (Ref. 5.140). Swine exposed to blast
50 psi) plus reactor radiatlon (350-400 rad).

¢ No fatalities in 40 days from radiation alone

e 30% fatalities from blast alone

e 323% fatelities from both blast and radiation.

D.R. Richmond, et al. (Ref. 5.142). Sprrgue-Dawley
rats exposed to shock tube blast (16 psi, 370 msec)
and x-vays (30 day LD[‘6 Llevel).

e 467 fataiities in 30 days from -adiation alone

e 5% fatalities from blast alone
o 51% fatalities from bott blast and radiation,

Indirect, or Secondary ard Tertiary, Blast Effects
(Impacts, debris, and otner sources of open or closed
wounds)

L. Koslowski and D. Messerschmidt (Ref. 5.142). NMRI
mice exposed to open wounds (5% body area, skin remeved)
znd x-rays (510 rad).

e 267% fatalities from radiation alone
e 6% fatalities from sound alona
e 32% fatalities from both wound aund radiation.

W.H. Moncrief. Jr. (Ref. 53.145). General review
crticle; comments follow on closed wounds:

"Clinically, soft-tiscue wounds are relatively un-
affected by radiation if wound infection is not a
oroblem, that is, in the ciosed wound.... Closed
fractures heal uneventfully when complicated by
whole-body irradiatioa.... The problem of the
compuund fracture is the problem of the soft-tissue
wound. "

(This article, along with many others, emphasizes

that surgical procedures carried out during the res-
ponse to radiation wili add to the patient's morbidicy.
This sffects studies concerned with the load on medical

care facilities, since surgery may be restricted for

considerable periods of time.)
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5.6.4 Thermal and lonizing Radiation

FlashBuens

R.K. Jones (Ref > l41)  Suyine exposed to thermal
flash (30 cal/cmz. 15-29% body urea) and reactor
{r + v) radiation
® No fatalities in 6U days €row Lurn alone
3% Encalities 1m €U wzys “rom 334 rad aione
67% fatslities im 80 da»s from 612 rad aloae
297 fzralicies from both burn and 554 cad
54% faralities from both burn and 612 rad.

. Baxter. et 2al. (Ref 5 152) Yorkshire swine
exposed to chermali flash {30-15% body area, and
x-rays (400 =zad)

» No fatalitics from burn alone
e 207 fatalizies 1n 30 davs from x-rays alone
e 90% fatalirmes :n 30 days from both burn and .~ravs

H. Baxter, et at 7Ref 5.153) Above resul:r for ex-
posure to both bu=x and x-vays {907 feralitiex)
cediced to (20%) faalities expected from x-rays
alone by rreatment wauth strentomvein.

J.D Reid, et al. (E=f 5.l Dogs exposec to
therral flash (8 calrv_."xz, 1 sec per avpiizatiom, 20%
body area, zdeep second-degree burm) plzs 100 = x-
rays; order to exposuxes (thermal or x-rays ~izme)

produced no stiiference
e 127 fatalities from burn alone
e 727 faraliries from both burn anu s—rzys

o Zomclusion was that x-rayc did not aredisposs
anrmals to hacteremia but by depression of
defense meckanisms, as evadence i mart by
leukopemria, zllowed more vizulent swganrsms
to enter and procuce a fatal septicemia. The
site of the tissue iajury, and the Zocal flora
therein. appeared to determine the tvyoe af invading
bacteria.
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Fiash Barns, with Direct Airblast

Lovelace Data (Ref. 5.140). Rats exposed to flash burn
(6.3 cal/cm2 over 25-30% body area) plus reactor

(n/y = 3) radiatior. Variatior in mid-lethal (shock
tube, long duration) overpressure obscrved:

e Blast ouly, LDSO (blast) = 30.9 psi

e Blast and burn, LDSO (blast) = 34.7 psi

e Blast and burr plus 250 rad, LDSO (brast) = 27.7 psi
e Blast and burn plus 250 rad, LD50 ({blast) = 19.8 psi.

Lovelace Data (kef. 5.140). Experiment as per above
with constant blast of 27 psi.

& Blast only, no fatalities
e Burn only, no fatalities
e 250 rad only, 17% fatalities in 30 days
¢ 350 vad only, S55% fatalities in 30 days !
¢ Burn plus 250 rad, 12% fatalities in 30 days !
® Buwvu plus blast, 1Y% ¥atalities
e Blast plus 250 rad, nc fatclities in 30 days
e Burn plus blast plus 250 rad, 427 fatalities in
30 days
2 Burn plus plast plus 350 rad, 34% fatalities in
30 days.

Contact Burns !

J.W. Brooks, et al. (Ref. 5.52). Dogs exposad to
conditions of Ref. 5.147 (indicated above) and com-

pared to previous studles of contact burns of com-
parable depth and extent.

e Conclusion was that from botn blood culture and
mortality studies, flash burns nroduced a less
fatal outcome. This was throught to be zreatly ia-
fluenced by the initial ascar formation in the
flzsh burn, which acted as a protective coat to pre-
vent the purulent suppuration seen in contact lesions.
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€.L. Alpen and G.E Sheline (Ref. 5.151). Sprague-
Dawley rats exposed to dip burn (water at 80°C, 25
secends, 16-3% body area) and x-rays (100-500 rad).
s No fatalities from 100-250 rad alone

o 20% fatalities from 500 rad alone

e Sub-lethal burns (16-20% area) plus 500 rad
produce 75% fatalities

Burns that, alone, produce 50% fatalities (31-35%
area) prodauce 65% fataliriex when combined with
100 rad and 100% fatalities with 250 iad.

J.W. Brooks, et al. (Ref. 5.154). Dogs exposed to

contact burn (brass plate at 60°C, 1 min per apoli-
cation, 20% body area) and x-rays (up to 100 rad);
b 1 no differences observed in order of exposures.

3 @ 12% fataiities from burn alone

207% fatalities from both burn and 25 rad

- ©
© B o 75% fatalities from beth burn and 100 rad 3
i a Above reduced to 14% fataliti<z by treatment Z

with penecillin.

L 5.6.5 Trial Criteria

"f The above "sample” cesults vary widely in statistical
"""“! acccracy and, even with regard to general trends, are not A
R K satisfyingly consistent. For this brief study, we define 2

o *" below two sets of combined injury fatality criteria, one ; -

. <)
to be fairly “pessimistic" (high mortality) and one

A theught
E theught to be nmove "optimistic.” Both sets pertain to multiple

- received at nearly the same time and the assumption

<) effects
that no treatment with antibiotics is available.

Pessimistic Critexia

At and below a yield ~10 KT, a deminant blast casualty A
! mechanism for people in built-up areas is expected (Ref. 5.73) if
to be debris resulting from structural failures. This, in turn, 33
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can be expected to produce a sizable incidence of external
wounds. Open wounds together with ionizing radiation, both

in the lethal range, tend to show an additive (not independent)
combination of fatality probabilities. To be on the pessimistic
side, we consider this to hold true for wounds in the sub-lethal
(but serious) range. Namely, our "pessimistic'" assumptions are
that all blast injuries produce open wounds and that "burdening"
(sub-lethal) blast injuries (Ref. 5.70) lead to the same
additive fatality probabilities as those in the lethal range.

In combination with ionizing radiation, flash burns
appear to be considerably less hazardous than contact burns
but, for the pessimistic case, we will not make this assumption.
Also, we will adopt the general trends of the strongest syn-
ergism (Ref. 5.154) reported in the references examined.

The Pessimistic Criteria are then defined as follows.

e Blast and thermal radiation without ionizing
radiation: blast Py revised as follows for
lonizing radiation exposures >200 rad

PELAST . PiB(LAST + PéNITIAL BLAST <1

. Py .
where pBLAST is the burdening injury probability

for blast (Ref. 5.70) and PROITIAL the fatality
probability for ionizing tadxatxon (~0 at 200 rad).

. Thermal exposure to flash with ionizing radiation:
stmal Pg revised when free-field level is >2 cal/
(approximate threshold for second degree burn):

- Initial <25 rad, no change
- 25 rad < initial < 100 rad,
PTHERMAL " PTHERMAL +0.50, PEHERMAL <1

X
- Initial >100 rad, PpERRL L g

These revised P, values are then combined in the usual fashion,
P§0TAL =1- Q - PELAST)(I _ PiHERMAL)(l _ PéNITIAL).

e — R A TSNS S LT T =
e S-earne e - - N > Dt ae * N




Optimistic Criteria

For blast and ionizing radiation, we still assume that
the blast hazards produce a high incidence of external wounds
but that combined injury effects {additive instead of indepen-
dent probability combinations) are seen only in the lethal
region.

For thermal and ionizing radiation, we still take the
general indications of Ref. 5.154 but now assume that only con-
tact burns produce a combined injury effect. The probability
of producing contact bdburns from radiant exposure of clothing
worn by civilians is quite complicaCed'and has not been com-
pletely analyzed to date. Several factors are involved in
determining whether the burn is due to transmission through,
or ignition of, the fabric. In transmission burns the factors
include fabric material, color, weight, number of layers and
spacing. 1gnition burns are further complicated by additional
considerations including a variety of possible ignition thres-
holds, different thresholds for transient or sustained ignition,
the falling away of burning fabric, and secondary fabric pro-
ducts such as hot vapors and hot-sticky residues (which also
produce contact burns).

0Dty e b e 15
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Some pertinent data are given in Refs. 5.55, 5.56, 5.81,
5.82, 5.155, and 5.156, Mixter, et al. (Ref. 5.155) studied fabric
contact burns of white pig skin in which the animal was placed next
to fabric clamped in a 1.7 cm, water cooled exposure port. The re-
sults were scaled to 2° human burns, and the exposure (cal/cmz)
necessary for a contact burn was found to increase by abecut
3007% when going from black to white material or from material
in contact with skin to material about 5 mm from the skin.
The experiments of Mixter and other investigators used exposure
times ranging from 250 msec to 30 sec, which presents addi-
tional preblems when scaling to yields of 10 KT or less. From




i TR T
ST * S e e

X o it b 1
)

our analysis to date, the best estimate for averagely dressed
civilians in the summer would be about 6 cal/'cm2 for a signifi-
cant probability of producing a 2° contact burn from exposure
to the thermal flash of ~1-10 KT weapons.

gy g

2

The Optimistic Criteria are then defined as follows:

e Blast and thermal radiation without ionizing
radiation: no change

o
:H e Blast with ionizing radiation: blast Py revised 3
é as follows:
F BLAST | pBLAST INLITIAL BLAST
i Px P YRy R

: e Thermal exposure to flash with ionizing radiation:
thermal P reviied as follows when free-field
level >6 Ka1/cm?:

i ~ 1Irnitial <25 rad, no change

- 25 rad < Initial < 100 rad
PTHERMAL . PTHERMAL
K K

+0.5, pplERMAL o
- Initial >100 rad,

pTHERMAL - 1.0.
K

v

5.6.6 Effects Produced by Assumed Combined Injury Criteria

AL U Wi i e e
o

. One example of the effects produced by the trial com-
! bined injury criteria defined here is shown in Figure 5.24.
Damage functions, as discussed in Section 7 are shown

} in this figure. Both the expectation values and 90% 5
A confidence limits are shown for the "nominal" (no com- ko
f‘ : bined injury effects) fatalities produced by a 10 KT weapon 9

and a sheltering category of aboveground portions of typical
residences with 10% of the occupants fully exposed to the ther-

"! ) mal flash and flying glass from broken windows. Using the ¥
. ; "Optimistic" combined injury criteria produces essentially no :
é\ difference from the nominal expectation values, whereas the &
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"Pessimistic” criteria give higher fatality probabilities than
the upper 90% confidence limit of the nominal criteria when
the latter produce Py S in the range ~0.1 to 0.5 (between about
1.2 and 2.0 km in range). The Optimistic Criteria make little
difference in this case because (1) the Pk for initial radia-
tion greatly dominates that for airblast out to ranges where
both are small, and thereafter the Pk from the glass hazard
dominates the rapidly falling Pr from initial radiation; and
(2) for the 107 of people exposed to thermal radiation, the
difference in range between the thermal criterion (6 cal/cmz)
for contact burns and the mid-lethal (8.6cal/cm®) value is
fairly small and occurs where the ionizing radiation exposure
is low (v10~40 rad). The Pessimistic Criteria produce the
greatest difference from the nominal criteria at a range ~1.1 -
1.2 km. There, the thermal radiation is lethal but in this
sheltering case contributes only a Py < 0.1. The effecr is due,
rather, to satisfying the Pessimistic Criteri. for air‘ st
(Pg = 507% near 4 psi) and ionizing radiation (Pk > 0 near 200
rad), since between 1.1 and 1.2 km the airblast varies from

~5 to 4 psi and the ionizing radiation (inside) from ~450 to
200 rad.

This preliminary study has resulted in no clear indica-~
tion of the possible significance of combined injuries. Con-
sequently, as improvement in the criteria for combined injuries
becomes available, several purst conditions and sheltering situa-
tions should be examined more closely for a better assessment
of the potential impact of combined injuries on the damage
functions. The available biomedical data will probably limit
this to an examination of the damage functions for fatalities,
not of those for non-fatal injuries.
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6. METHODOLOGY FOR GENERATING DAMAGE FUNCTIONS

This section describes the methodology that was developed
to generate the damage functions and their confidence limits.

This methodology has been incorporated in a Monte Carlo simula-
tion code, WEREUA, (Weapon Responses Uncertainty Analysis) which

was used to generate the casualty damage functions given in Section
7 of this report. ;

.

+ Basically, the WEREUA code accepts as input the weapon en-

vironments and their uncertainty parameters, shelter protection

} factors and their uncertainty parameters and personnel response
criteria and their uncertainties The code then utilizes a e
Monte Carlo simulation to estimate the damage function as well 3

as to perform an error propagation analysis,

6.1 OVERVIEW OF THE METHODOLOGY

WEREUA has been used to estimate the overall uncertainties
in weapon environments and the responses to such environments.
This was done by taking a base environment and applying correction

Shivsy

1

B factors. If only two independent factors existed, the environment

) E was

A
3 E = F)p - Fp - Eppsg 3

The correction factor approach was used for all nuclear
radiation and airblast environments. This approach was adopted k2
to minimize the time required to regenerate the various environ-
% ments for each Monte Carlo sample. However, for the thermal
radiation environment, a small SAI code THERMX (Ref, 6.1) was ]
used to obtain an estimate of the thermal radiation environment
for each sample.
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The calculational flow of WEREUA is shown in Figure 6.1.
Uncertainties and other paramecers were input into the code,
from which the correction factors are calculated for the nuclear
radiation or airblast environments. If a thermal radiation
environment was required, a set of parameters for THERMX were
input. The base environment was interpolated from tables or
calculated (thermal) and the correction factors were applied.
The modified environment value was then stored as a sample
value. After the required number of samples had been collected,
the statistics were calculated and the results were output to
both disk and printer. This output included the environment
probability density function as a function of range and parameters
which characterized it (e.g., mean vaiue, standard deviation and
confidence levels). The above procedure was carried out for
selected ranges for each environment.

After all of the environment distributions had been deter-
mined and stored on disk, the weapon response calculations were
made. The environments were read, in INPUT2, along with the para-
meters for finding the shelter protection and response for each
environment. For every range and all environments, the protection
factors for the shelter were calculated. Each environment was
modified by these factors to determine the environment inside the
shelter. The response to the modified environment was then
determined. When this had been completed, a combined response
due to all environments was found. As above, this value was
stored as a sample and statistics were collected, with the final
result was a response distribution for each range. Mean
values and confidence levels versus range were found from these
distributions.
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6.2 DESCRIPTION OF WEAPON ENVIRONMENT MODULES

In this section the blocks shown in the Environment section

in Figure 6.1 will be described in greater detail, along with :
examples of results.

6.2.1 INPUT 1

INPUT 1 is the input section for the weapon environment ‘1
calculation., Along with housekeeping parameters and range step ¥

information, it reads the uncertainties to be used in determin-
ing the correction factors.

d

21

Table 6.1 lists these uncertainties,
many of which may not be required for any given problem.

e

The uncertainties are specified by the following para-

gtk

meters:

PRI Vet

o

Uncertainty identification
Type of distribution

HUM for humidity, etc.

Constant, one-dimensional, K
range dependent, joint two-
dimensional, etc.

pitare
oA

Name of distribution Constant, Gaussian, Johnson

SB, etc. .
Four parameters which define For a Gaussian, these would
the distribution. Generally be mean, standard deviation, 3
different for different minimum and maximum. 3
distributions.

5

TR

Y

Table 6.2 gives examples of come of the values used for the un-
certainties.

! IOt

X

Once read in, the uncertainties are stored and
modified for use in the subsequent calculations.

6.2.2 Correction Factors/Parameters

For each uncertainty considered, the program picks a value
randomly from its distribution. This value is used directly as a
correction factor or a parameter value, as in the case of the
R neutron yield, or is used to calculate the correction factor, as

4 3 ir the case of temperature for the humidity correction. All
factors are used as multipliers of the environment.
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Table 6.1. Uncertainties for weapon environment
calculations.

Neutron transmission through air
Secondary y transmission through air
Primary y transmission through air 3
Fission y transmission through air 5

Neutron spectra correction
Secondary y spectra correction

Primary vy spectra correction .
Fission vy spectra correction i

. Neutron asymmetry correction
E Secondary y asymmetry correction E
3 ' Primary y asymmetry correction 3
Fission y asymmetry correction ;

—

fupoie

Neutron air ground correction ;

Secondary y air ground correction 2

- Primary y air ground correction :
3 Fission y air ground correction

Terrain correction

Humidity correction (for transmission)
) Range correction (for pressure)
E Weapon yield (Kt)

Neutron yield (number/Kt)
Primary vy yield (number/Kt)
Fission y yield (number/Kt)
Thermal partition

T s,

it

. ——— st . M0
o

Height of burst
Elevation

Temperature i
Pressure ;

Humidity (for density calculations and p-r K
scaling) E

Meteorlogical range e

! Height of cloud cover 3

s Percentage of cloud cover 3

- Percentage of days of cloud cover 3
3 Ground albedo

Thermal partition

Miscellaneous special parameters

.
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The selection of the random quantities followed the
methods given by McGrath, et al. (Ref. 6.2) for probability
distribution functions. If an uncertainty was range-dependent
and did not exist at a desired range, a new distribution was ! 3
constructed from the existing ones by interpolation. This was -
done once at the start of each new range. The program can also
pick from joint distributions as was done for cloud ceiling
versus visibility.

e anm

!
;i Importance sampling is also available. This permits
ii picking of values from a biased distribution in order to en- i
E: hance the statistics in a desired region, such as the tails of > .
;‘ ' the calculated distributions. This was accomplished by entering i
E both the biased and unbiased distributions and calculating a ;

2 weight such that {
: WysPup = WaPp
-3

Wog = unbiased weight - set to 1 ] 3

bt PUB = probability of choosing from unbiased distribution

g Wg = biased weight

PB = probability of choosing from biased distribution

These weights were carried along during the calculation and I
I multiplied together to form the final weighting factor. It was i;
implicite in this multiplicaticn that the probabilities were in- ?:
dependent. In fact, after the value was picked for each uncer-
tainty, the program considered them independent.

6.2.3 Neutron Radiation Correction Factors

The uncertainties used in determining the neutron dose cor-
rection factors, which were used directly as factors, were:

T
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% . b oo X

0 -ﬁt . . ‘s- by ‘?)s’ ““ -c{‘

e RO =,

«\q:;*;&‘s‘f&xa&m&.m'

LE&"’&




Weapon energy output
Weapon neutron yield
Neutron transport
Neutron spectra

2 Neutron asymnetry

X Air ground correction

Uncertainties which were used to calculate factors were:

Temperature
Pressure
-° % Atmospheric relative humidity
: : Ground elevation
[ Hydrogen content of soil
Height of burst

The atmospheric uncertainties were used to find changes in the

¥
% neutron transport due to atmospheric density changes and water
' vapor content,

The base neutron dose was calculated for sea level and
standard atmospheric ccuditions. To account for the dose varia-
'3 tions due to the atmospheric density difference between standard
1
i

conditions and those selscted by the program, p-r scaling was

used. For a time-dependent flux, the p-r scaling was formulated
as

oy(r) = K%o (rp)

Py = Kpy

r, = rllK

base flux

p; = standard sea level atmospheric density

o m———_ -

’ 0y = atmospheric density (see Section 6.2.9)

slant range at sea level

I r, = current slant range

5

3 4 P

: ﬁ,, ¢5 = flux scaled for the density change.
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b1 and r, were known, p, was calculated and K was found. T

was then calculated, and the base dvse found from the dose tables
(it was assumed that duse and flux scale the same way). This
dose was then multiplied by K2 to give the scaled dose.

The dose correction factor for atmospheric humidity was
obtained by first estimating the water vapor density. This was
based on the relative humidity and temperature (see Section 6.2.9).
The data given in Table 6.3 was used to obtain the dose correction
factor. A linear interpolation was performed using the calculated
water density to find the dry (ATR) dose ratio to the current re-
quired value. The corrected dose was

Deorrect Ddry/rati°

The hydrogen content of the scil was used to find a cor-
rection factor. Figure 6.2 shows the distribution of hydrogen
content of European soils. This distribution was then folded
with a curve similar to Figure 6.3, taking a hydrogen content of
9 x 10'3 gm/cm3 as base case (this value was used in ATR to
generate the base environment). Figure 6.4 shows a representative
distribution of the correction factor used for conditions listed
in the figure,

i
R .
et
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6.2.4 Secondary Gamma Correction Faccors

The same uncertainties as given in Section 6.2.3 were used
except for the neutron specific ones. Those were replaced by:
Secondary gamma transport

Secondary gamma spectra
Secondary gamma asymmetry

6.2.5 Primary Gamma Correction Factors

The same uncertainties as given in Section 6.2.3 were used

—— r—

except for the neutron specific ones. Those were replaced by:
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Table 6.3. Ratio of dose calculated for dry air
to dose calculated for wet air.

Ground

Range
1 (m) Neutron Prompt Gamma Ray Secondary Gamma Ray
‘ Ratio SHumid Air Dose 2 x 107¢ /cc Water Vapor
ry Alr Dose gu/cc Water Vapor
; 100 0.98 0.99 1.23
i 250 0.82 0.98 1.09
: 500 0.67 0.96 0.97
: 750 0.58 0.94 0.91
3 1000 0.52 0.93 0.87
il 1500 0.44 0.9 0.84
i 2000 0.4 0.88 0.82
}% 2500 0.38 0.86 0.815
ﬁ 3000 0.35 0.84 0.81
i
‘: Ratio SHumid Air Dose 5 x 107> go/cc Water Vapor)
2 éﬁty Air Dose gm/cc
2%
# 100 0.85 0.99 1.46
% 250 0.63 0.95 1.27
k| 500 0.42 0.9 0.924
E 750 0.31 0.85 0.82
- 1000 0.25 0.82 0.76
, 1500 0.17 0.76 0.7
X 2000 0.14 0.73 0.67

2500 0.11 0.71 0.66

3000 0.1 0.7 0.66
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Figure 6.3. Sensitivity of tissue dose to hydrogen
content of soil.

8% 2 b

o

PRI A TAT AR IRAT




P

. ; - P NN - MR -

TH AR e o o I A A s i

BASE CASE ~ ATR 4 | 3
(HYDROGEN = 9.0 x 103 g/em3) 3
1000 M GROUND RANGE
u =108
o =018

FREQUENCY

] I .
b
l 1 1 1 { ‘
s X F . 6 8 1.0 1.2 13 E
3 CORRECTION FACTOR 3

Dose correction factors for water in scils.
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Primary gammsa transport K
Primary gamma spectra g
i Primary gamma asymmetry 3
: Weapon: primary gamma yield

6.2.6 Fission Gamma Correction Factors

The same uncertainties as given in Section 6.2.3 were used
except for the neutron specific ones. Those were replaced by: 3

- Fission gamma transport

) Figsion gamma spectra

Fission gamma asymmetry

Fission fraction for primary gamma yield

Lam SN

6.2.7 Overpressure Correction Factors

The basic overpressure environment was generated for sea
level and standard atmospheric conditions. The uncertainties
associated with this environment were:

e

oy

Weapon yield

Height of burst

Range error to an overpressure level
Atmospheric pressure

Terrain :

g

oy b

There were no correction factors for the thermal environ-
ment. The uncertainties were used as input parameters for the
thermal radiation generation module for calculating the environ-

{ 6.2.8 Thermal Radiation Parameters
t
]

TRy

" ment for each sample. The uncertainties used were: =
¥ Weapon yield Cloud ceiling .
Weapon thermal partition Cloud height 3
3 Height of burst Cloud optical thickness .
k- Temperature Percent cloud cover o
- . Pressure Percent cloudy days

H | Relative humidity Ground albedo e
3 Meteorological range Ground elevation 5
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) ; 6.2.9 Calculation of Atmospheric Properties k.
1 ; The atmospheric density was calculated for a given tempera- ; )
£
§ ture T(°K), pressure and relative humidity by using the equation E
! of state, z
§ ‘ F:
: ~ Pmd P
§ [ BT s
i A
L where 3
i - : 4
{ md dry air mass 28.9644 gm/mole ;
§ R = ideal gas constant 8.3143 x 107 F
. 5 A
: § T* = virtual temperature 9
; } P = atmospheric pressure 4
T* is defined by “
! T T
$ B
i T = — T ee——
i 13759 1-3/8 £ .
4 where i
.- q = specific humidity E
H e = water vapor pressure g ;
F:! The relative humidity is approximately e
By b
E RH % é% x 100 :
E | ¥
i ; where .
,: % qs = the saturated specific humidity and is given by
2 ; 622 e .
3 ! qs = pa ks
375 e 4
g - where
B l,.‘),:* e, = the saturated vapor pressure. ]
o5
25, ¢

'j 6-15




ey is approximated by

In e, = 1.80957 + 0.079447¢ - 4, 2899610 %¢2

where t is the temperature in °C. This fit is good to within
10 percent over the range -50°C to 49°C to the data given in the
“"Handbook of Chemistry and Physics."

To determine the water vapor content, the equation of state
for water vapor was used,

m, 18.01 gm/mole, and

[ the water vapor density.

W
The relative humidity was defined as

)
- . 100
Pus

the saturated absolute humidity given by

and e, is given above. The water density was then
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6.3 BASIC WEAPON ENVIRONMENTS

WERUA requires the use of the basic weapon environments
(nuclear radiation, airblast and thermal radiation). Because of
the time involved in generating the nuclear radiation and over-
pressures for each sample, a set of basic enviromments were gener-
ated. The correction factors described above were used to approxi-
mate the effects that the uncertainties would have on these
environments. This section describes how the basic environments
were obtained.

6.3.1 Nuclear Radiation Environment

ATR (Ref. 6.3) (Air Transport of Radiation) was used to
generate the nuclear radiation environments for given yields,
source spectra, HOB's and ranges for sea level and standard atmo-
spheric conditions:

T = 288.15°K
P = 1013.25 Mb
o = 0.001225 gn/cm’

If the weapon is boosted or is a thermonuclear device, then
a second step which combines the ATR outputs with the correct
normalizing factors for each spectral component (fission, fusion)
is carried out.

A set of data contairing the dose as a function of range
for several heights of burst, and yields, constitutes the basic
radiation environment. These data were stored on disk and was
the input to WEREUA whenever the nuclear radiation was required.

6.3.2 Airblast Environment

The basic airblast environment was a tabulated repre-
sentation of Brode's (Ref. 6.4) peak overpressure for over-
pressure >70 psi, and EM-1 (Ref. 6.5) data for <70 psi.

The tables were arranged by HOB and are scaled by (yield)1/3.
The overpressure was found by interpolating the tables on HOB

.‘.’1!
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and range, given the weapon yield, HOB and range. Over-
pressure was assumed to be independent of weapon type.

6.3.3 Thermal Radiation Environment

o, sterd Tene o

THERMX, a code which calculates the thermal radiation for
low altitude nuclear bursts, was used to generate thermal environ- 3
ments for each sample. The required parameters for THERMX were
those listed in Section 6.2.8.

6.3.4 Application of Correction Factors &

After the correction factors had been determined, they
J were applied to the appropriate environment as given by the
-3 following equation,

(1

1 s

? N
g B - (CE) B ;
where f
E, = corrected environment 3
E‘B = basic environment 3

CFi = coxrection factor

N = number of correction factors

o ey

If a truncated distribution, or importance sampling was 3
requested, a weight was also assigned to each sample environment. ; ;

-

XL R T a0

Weights were calculated by the formula:
.|
s T
L W, = I (W) 2
! c ju1 b i
: t where i
Voo
. 'dc = weight corresponding to environment E., 4
]

2 t i W, = individual uncertainty weights, and ! E
»' - S
A n = number of uncertainties used. 2R
X0 :
& | L
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6.4 STATISTICS ANALYSIS

Each sample of an environment was stored along with its
weight. When all samples had been collected, they were ordered
by value in a monotonically increasing sequence. The mean
value, standard deviation and confidence levels were determined.
Distribution functions in 5 percent and 10 percent probability
bins were generated. Figure 6.5 shows a 10 percent probability
bin neutron dose distribution along with the error bars that
indicate the statistical significance of the sampling. This
sampling error was assumed to have binomial distribution with
a value '

N 1/2
B
ErrorB = [NB (1 - Tr)]

N = total number of samples, and

where

Ny = number of samples in bin B.

6.5 WEAPON ENVIRONMENT OUTPUT

The output from the weapon environment section consisted
of distributions at predetermined range values. These distribu-
tions were represented as histograms along with the error
associated with each bin due to the sampling procedure. There

was a set of distributions for each of the six weapon environments.

Table 6.4 shows a distribution for the peak overpressure
environment at 1000 meters, as generated with the uncertainties
in Table 6.2, The environment distributions were stored on disk
by weapon type, yield, HO3 and range for use in the response
section of the calculation.

The printed output consisted of listing the mean values,
standacd deviation, confidence limits and the distributions for
each environment and range. An example is given in Figure 6.6
for the case shown in Table 6.4.




1 KT WEAPON
200 FT HOB

1000 M GROUND RANGE
# = 743 RADS

o =26.3 RADS

Frequency

i 1 1 ! 1
40 60 80 100 120 140

Neutron Dose (rads)

Frequency distribution of neutron dose.

Figure 6.5,
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6.6 DESCRIPTION OF RESPONSE SECTION MODULES

The response section used the environment distributions,
modified them by the shelter factors, and with a given response
‘unction, determined the response. The response functions and
shelter parameters were input.

6.6.1 INPUT 2

A set of weapon environment probability distributions, e.g.

thermal radiation, was generated as described above. These were
generated at a set of range points and were for a specific weapon
type’ }ield, and height of burst. These distributions were read
as input into INPUT 2 along with shelter protection data and
personnel response data (and uncertainty data).

A new set of weapon environment probability distribu-
tions were generated at a different set of range points,
which were selected to adequately define the shape of the
damage function. The new environment distributions were
based on the assumption that the environment was proportional to
the logarithm of the slant range between the old environment
range points.

6.6.2 shelter Protection Factors

A provision was made to allow each of the weapon environ-
ments to be reduced according to the protection afforded by
shelters. This was done by reducing the free-field weapon
environment by a given protection factor (this was a user input).
The ccde accepted the following protection factors:

Neutron Dose

Prompt Gamma-Ray Dose

Air Secondary Gamma-Ray Dose
Fission Product Gamma-Ray Dose
Peak Overpressure

Thermal Radiation

= e —. = h 7t b nsa o Ao

T A5 e i s s i =

T i, A
s«%’* '
}ssﬂh G5 Sy - .

.

T gl Yok

A s i

RTINS TR YOI Ty

oy K .

SLAYT 8 Soker b e

>

AL

\\‘

de!es

&

&

P AT EER N Lo e ”




5 emar onans

£ ek ., © e s e - - e . NN

Uncextainties in the shelter protections factor were
treated by specifying a2 fraction of the population that would
have a given protcction factor. An example for nuclear radia-
tion protection factors are shown in Table 6.5.

-

6.6.3 Personnel Response

Personnel response was treated in a ;;nner similar to
that for shelter protection. A&s with the shelter module this
was user defined. An example of some of the different uncer-
tainties used for the nuclear environment sre shown in Pable 6.6.
The response was calculated using a cumulative lognormal function
which for P > 0.5 is

2
D o 1 D -g°/2
P Sl = in ( ) e dt
(Bso"”) IS 1 Dso

vhere P is the probability of damage. Dy is the LD or BD value,
given in Table 6.6, % the variance to mean ratio (an input para-
meter and 8 given by

g = {m[(%)z + 1]}1/2 ‘ '

for P < 0.5
D
D [+ 50 o
P(n;a'-a) - 1"P(T'a)

A response distribution was generated at each of the ranges
for a specific environment-response combination. These distribu-
tions were then used to obtain the mean value, standavd deviation
and confidence limits of the response. All of the environment
response combinations were then calculated. The range dependent
mean values were taken to be the contribution to the damage func-
tions for a specific environment-response combination. All of the
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contributions were then calculated. An example is shown in Figure
6.7 of the various contributions to the overall damage function.

6.6.4 Combine Response

The individual contributions were combined to formulate
the damage function (mean value as well as confidence limits).
Figure 6.8 shows an example for the combined damage function for
people in residences, given the separate responses as shown in
Figure 6.7. The combining module for this example placed 90 per-
cent of the population at risk to initial nuclear radiation and
airblast effects, with the individual responses combined as

Pgp = 1 - (1 - Pyagr )t - PryppraL )

{

; ' DEBRIS RADIATION ‘
i ¢ The remaining 10 percent were at risk to initial nuclear radia-

i ' tion, thermal radiation and glass hazards. Individual regponses
* 1 were combined by

¥ Prg = - (- Pgraged @ - Prrasi) - Pmnrrian )

A RADIATION

‘ A total response curve was formed by taking Pgo and Pyq and

7

= combining as

k. Pror * 0.9 Pgy + 0.1 Py !
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7. COLLATERAL DAMAGE ESTIMATION

|
i
This section contains the basic data for estimating i

casualties produced by nuclear weapons, i.e., the damage func-
tions for fatalities and injuries. The damage functions were f'
obtained using the biomedical effects data (casualty criteria é
and uncertainties) given in Section 5, the sheltering data i :
given in Section 4 and the weapon environment data given in ’ ;
Section 3. Section 7.1 contains damage functions for weapons 3

s
; in the yield range from 0.1 to 10 KT. Each graphical display ;
§ of a damage function contains data for five weapon yields (0.1, 3
E % 0.3, 1.0, 3.0 and 10 KT), for a specified Hei%ht of burst :
{ ' (three are given, surface, 200 and 600 ft/K" 3), for either >
% injuries or fatalities and for one of three shelter categories E
i (in the open, residences or basements). Section 7.2 contains -

graphical displays of damage functions and upper and lower con-
fidence bounds (90%) on the damage function. Also shown are
the dominant weapon effects (nuclear radiation, thermal radia- 3

tion and airblast. Although several airblast effects were used 3
in the analysis (direct effects on body organs, secondary effects 3
caused by debris and tertiary effects - whole-body translation), ?

only the most important effects are shown.
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7.1 DAMAGE FUNCTIONS - LOW YIELD WEAPONS

Figures 7.1 through 7.18 show damage functions for
weapon yields between 0.1 and 10 KT. The graphical displays
are organized as follows.

. Height-of-3¥7§t
Figure Casualty Type Shelter SHOB (ft/KT>/°)
Injury open Surface
" 290
" 600
Fatality Surface
" 200
" 600
Injury Surface
" 200
" 600
Fatality Surface
" 200
" 600
Injury Surface
" 200
" 600
Fatality Surface
" 200
" 600

[V - TS IR N R P R T o

R S o e ol =
® —-w WL WP

L -
RPN O AT




PR P L T A

o ——— PR+ g W 24 7 o

e v v e TR %

.w +3sang 9oeyang ‘uadg ay3l ur o7doad ‘uoraoung afeweq Lanfur 1/ 2andty wel
2
. 3R
: o
! (™) wduwy W 11
i L4 22 0z 81 9°1 20 S A 01 20 90 %0 z0 0 o . ﬁ. w
t g T T T T T ¥ T 4 !
1 S mM%.W
H . P >4
! e ¥ h&xﬁ W
N LERSSFXY M
: qz0 syeddhR L
o - P &4
" . ko the
4< 09 ~3 R :va.awﬂ
s F . ,..N\J .,u
7ok SRR
Lo _\f,\t\v i
b 3 d
—4$°0 < v M
R ) o (sw.w«w m
€ 1 €0 10 PI2TX S Nrek s
190, Lo
4 .
eo§ N ¢
~
480 [
460 ~
0t
¥

L S v S

ey’
2

F e T T e
e Prroat rrene = o P sy R R BR RSN, Sas o L S 4 B byt e i R o




A S T AT A A S e

:
3
L4
3
H
3
¥
¥
'

4

(=n) sduwy

0

‘asang 30 348¥9H
pa1BOS n\,_”u.x\uu 00z ‘uadp ay3 ut a1doad ‘uoyroung adeweq Lanfur ‘gL 2an81Jg

9°0 70 0 0

4

z°z o
L

81 91 .\h—

z°1 1 80
¥ T

41°0
42’0

ot € 1 t 0o ji’o (L) PI2IA 7

-4
46°0
0°1

o s

Y T 0

7-5

nwooe A
o o o

o
o

Kanful 3o K27iTqeqold

o o~
o o

cuoaet

al o pagit Py

g ge

. A .
N (DS 3 N
Rl i
Adhlei's

o ——— - o ——
raagp® v 4
N R O T T s B LA . Han b B2 AR 2D

FECAIN

PRy ey

1
§

PPy

ik b P




¢ O RNNTAY Jﬁ.ﬂ, (4

nnre dge e T s

s

¢/74%/33 009 ‘uedo au3

ey

O R A M L S R T T e S T4 AR R R A e
. Y

‘3sang yo y3ysy paiess

ur 97doag ‘uoraoung adeweq Lanfuy

gL @and1g

(=) #3uwy
vz oz 072 81 91 21zl [ 80 9°0 "0 z0 [
4 T T T Y T Y T 0 f ‘.
~41°0 n#
¥
4z0 K
bo:d
qeo & ? «
s ~ vy
49 o £ oy
ot 0 {10 () presx ds0 & '
©
1970
=4
00 €
<
ds o
/ 60
0"t
* -
%

N -l _.I * ¢4..»
B b
——-




e

adegang ‘uadp aya ur aydoag ‘uoraounyg

+ 3sang
a8eweq A3yyeaey

‘9L vandg

(o) sduwy

" hi_0Z 81 91 0% 1 _ 0 L3090 wo o °,
10
qz-0
e o
490
4570
Ho'0
. 1 odee hio A0 qte
e o
60
[

e .- - .

+c

© A33TI4¥GO:

A3TTOIES 3

~
t
~
!
®
5
¥
&
-
P
3
i
s o e * .

’

—

o A 2
t

- s v . E
REPICEREES Ak ar,.fw,ﬂ\w 2 o

s -

”
3

—

RIS



i
. ‘asang Jo Iy3yay pareos
\ m\.ﬂaM\uw 00z ‘uadp 3y3 uy atdoag ‘uoriouny afeweq A3TTeaed ‘G'. °2andyg
. 1 (s) o3uwy
m L3¢ 4 344 02 81 9°1 9°1 z 1 0°1 9°0 9'0 (X)) z°0 0
v v v T T T T 0
' 4o
H42°0
u «©
4c'0 & ]
o ~
z
490 =
450
Lo}
o1 < 1 oo ) ewix oo
o
A0 ﬂ
40
46°0
G"1
- e e e e -
%
Y

g P

T

&

-

-y
fe & S0y
«_’Vr

R v

Tt

LESENLR
i

)

DI

WS

¥ g%~
sy
SXTIIN

-,
‘
e

R

o

T

ect

P




(24

!
|
m
M

n:kx\uu 009 ‘uado aya uy a1doad ‘uoyadoung a8eweq A3yieavd °9° L 2an3id

R LA R O et ey i

L 4 5k 4 02 21 9'1
T v T T

o e D T Do

Carri

- e
-
1
’ t
a !
- |
b
s3sang 3o ay37oH paieos

e

(wy) s3uwy 7
vt 01 8°0 9°0 90 o 0 P

v T T T T 0 , .w,..

10 Hv‘!\

4Z°0 .m.uAWM

o

od o Iﬁ.‘m«mm

0o s ' . s

& ~ LG K S

de0 & \.-vm\.. w.c‘m

= Y
450 2 ,,,«‘.& .

g9 ™ ?i;..w..

ol 3 1 e o {1 o ax) prova o A ;-
40 £ W
[ kY

Jo0 & , :

460
01

7

%

<

v,

. . - e e —— >

\ s, il N >

A e L ]

e c- - ~ - =
[

.?(i.t%o}ulu.;”.ls. R RN IR SO TR R R D R YTy, U ot 2r N

e RN




rup——_—

-3sang aoeJang ‘soouspysay uj aydoag ‘uorioung 38euweq Lanful

*(°L 2an3Tg

(wn) sSumy
Lt L4 02 21 9'1 91 T o [ .
410
420
Hco
4%°0
4s°0
10 (%) 49°0
PIdIA
qeo
Jso
460
01
. e e o s som——p—— — -
R (s e ey e o P e U Y L Ly T R D B i g

Aznfuy 3o L33114PQesg

7-10

AL
Frpter ey v,

0

Vo

SRS

e




b " " & ” o P 2 o
" ot O A S i viex 22 L NEAAN LA 1 4 p AN AL O

s CTPL -

n +3sang Jo 3IYy31oH pateds
T m\.n.s_\uu 00z ‘€20uapysey uf o1dosg ‘uoyaoung afeuweq Kinful -g°/ 2andl
L s
¥
- (1) sBuwy
- L8 1 44 (4 81 91 L3 IR 0'1 80 9°0 %0 20 0
) f T A Y Y T Y Y y [+]
.1 B L
_ Jz0 .
3 -
; dc0 £ -
: = ~
490
<
460
. € 0 1o () proava -
! 190 5
€
qero 2
EEN
460
[
. o
g UQ
g
%
Ki
"
S et ol e
" s »

e @ anen e webe s w—ttTOv - " 5
z e e T e oy T i S e oo e Ll S i L )




S

+3sang 3o 3y31AH poTEOS

¢ /7iA/33 009 (goouspysay uy o1doag ‘uoyaoung s8eueq Anfur “6°L 2and71d
(1) o3uwy

i 22 [ 8.1 91 A | 1 0°t 8'0 9°'0 %0 T°0 0

7-12

€ oy 1°4 QW) PIOTA 49°0

fanfuy 3o AaTiIqreoxd

. hay .,
AN Y

g m,r: A
o tlaiy

56 {Dan

>
fas—— g e Dy e s B S e



sasang

€°0
7’0

20mzang ‘sacuspysey uy 91dosg ‘uoyaouni d3ewed Kagteaed 01°L 2an81g
(o) *Sumy
i 72 ()1 81 9°1 L S | 03 8°0 9°0 20 z°0
i L2 T L 1 T T ™~ ! g
col1o (W
PI2TA

<0

9°0

Lo
80

- e s v

-
AR

L3ytesr3 30 A3vIQeqoad

7-13

o
Eaoas 2

2,

3




YRR Ry A v

. e YT C—————— o . - PR -
-3
) .
t
N
E +3gang uowu:w«om paieos (1L ox0814
B ‘ a3eune 3T{PIY 11
n:.wv:uw 007 ‘S9ousprsay Ur atdoaq ‘uoraoung a k3! J ;
€
N
(n) »duwy .2 N
. . . . . 90 w0 70 0 el
N vi 2,3 0z 81 91 w1 el 91 a.o , . o N:,WWM
, dro RS
, pﬁwﬂw
. qrow PR}
: w - Aoy
4 Tos v ;
k - ~ S ANAE
qro ﬁ“
. . @) . 2 >
. ! AR L S ™ 1 S LY N
' Jo0 @ A+
"-
di0
&
; Jero
460
] 01
5
%
k)
2
&1,
£
]
e
- L1
_ wo
i s w. I - ﬂy\.w. )
L i A ol
- - ‘0 - e b
——— kg - ~ 3 ORI P 2




PN o P
TRANENE S Py W Er % Fr it T TN

*3sang 3o 1y3719H peoreos
m\.nu.z\um 009 ‘sadouapysoy uy a27doaq ‘uoradung afeweq LITTPIRS °Z1°'. 2anS1g

(1) a%ury

4.-n 12 0'2 21 21 9

A3yreRTd 3o 4331Tqeqoxg

21 'l 01 ¢ 0 9°0 %20

Y Y T T - -
0t [ i o fto Uw)
PI33)




T s s i <o

e S A e

1'L 2an31g

s3sang 9oBJang ‘sijusweseqg uf aydoad ‘suoraoung afewsq Lanfur

J/ﬂ .

Lol

€0
7°0
so

P anidocady sniroping !‘a‘l!‘cﬂﬂ.ﬁ

7-16

£mfuy 3o 4331392034

»
-
b

N
e
&

,x‘;f:‘wt&‘q

wt
)




\

EAEP R ey Ao Zaia et LM

CTASRE A L WA RIS VA Y

. o
L ;
L
'
. , .
*3sang 3o 3ay3yay pateos )
n\ﬁhv_\uu 00z ‘sauswaseg uy o7doad ‘uoradung afeuweq Aanful *$1°L 2an813
. ! (oy) sBuwy
L Jh’ L34 02 81 91 %1 z 1 01 870 9°0 "0 2°0 0 .
R . T T Y Y T Y T 0 ;
. qt°o ;
H
. ! 420
o ] g ~
Hc0 & '
* ~
. qr 05
R ~
o1 3 1 elio ) Jsog
[ E3 7 -
4902
. € -
]
40
- 480
- B 60 i
0°1 w
:
. w ;
i1
i L
‘
o
i
-
- vo—— -y o d

D A B g S

Jeeep e ey T Lo AR

= TSl g




NG R L it a0
.

e A P A = -

¢ /134/33 009 “sjuswesed

L %4 k3t 4 [ 4 81

s St e

+qsang 3o ayd3roH paTEIS

uy @7doag ‘uoyadunny °3eweq Kanfvl

(un) #fuey

RN T ntn L ANTR, T R gk I (127 AT iyt ek g O
X 7

e A ———————

“g1°L @andta

s

*

s :‘
FEUE

-2,
&

-~
R

£34
Bt

“t
Fos
e

-
-
‘l

e

WK

T
o
23
AN

o

1]

7-18
e
3",‘ 2

~

:
L5

>
oL

AN
b

ot w K

¥

-

¢ et 2 FENLLS

44N Al R

-

Rap o e e S TR T R L SR

. . 20 °
21 0°1 ! .

+t-0

q2'0

”

o

dco g

o

4v o

o

45707

o

~
90

an m

P193X .;.om
80
1670
01

- - - —_——
: ...iﬂ..!wrr(«. PSR 3R % P 2oL AT 4t

.. ,
Ao G

T A E
Ve = g

R ORIT

a0 ot > A O

oS e e mepes




i

4

s
+3sang f
20B3ang ‘sjuowaseg uy 91doad ‘uoriduni a3eueq Aayteaes -91°( danLii _,
[ it
. (@) oduwmy e
3 7 0°2 8.1 91 %°1 z1 0°'1 80 9°0 %0 0 o -M\.&“P 4
. r v v v v T v v T T 0 Y
. fes ;
. . <41°0 Pt
. . 4z°90 " Wl. ﬂ
. 7 o DA L
40 S pe aoé‘wu.w
! 1 o ,w«t...w it
. dv-0 = f«
. & 22}
1 Js0 <
o
o1 € Vo feojro aw Jy.0
- PI23A »
. o
qeo B ¢
=
; Je o 2
+46°0 )
o1 :
¥
3
4
A
e o er ke b
LR <% urel J%\ ik,
o e e ————— " —_—— S gt "
PR e T e e T e TR s o T a8 14y G G AT Y \f.;hh




o T T - ks £ on e Ty R —————r .

- ~ e —— <

*3sang jo IySTay paieos
m\ahx\uw 007 “sauswaseg uy a1doag ‘uorisung s8guey L3FTerey ‘L1°L @2andyg

37y ™
TN

i ! (=) eduwry
81 9'1 v 1 zZ1 0 2°0

' ‘180 90 %0
> f L§ ¥ T I‘l/. T T r v . °
u
o 4170
’ Jee
3§ b () ~
H4v°0 i
N <0 . 27
R %
;3 ot € 1 of1-0 (aw) L
PI21A .
470
: £
) Js-0
.
3 460 i
3

.
ho
s
joN
-}
~
©
N
T R
e

G

- - 2
oy
P
4% §"

-
o

'
A
Sew
e

7-20

_‘-}.

2

I

1
-
o

Ai11esey jo A3yyoeqoxd

PR

EEFOPNE

4
- © e ——— -
“.
B 2, ey I
LR e TS Y N
B Rl T ]
e e e o e e——— - —— - — psgec)
B e AR e e oy ey S e O TR AT IR PP a RNk




L ol A g LAY £

.
~ *asang Jo 2y31aY paieds :
. ¢ /143733 009 “sjuameseg uy 21doad ‘uoyaoung oBeweq L3ryeIBy 91 L 2xnd14 :
!
i
‘ (o) #8umy
L4 ... 02 2% 9:1 w1 2zl o1 80 70 4
I T T T T T T T 0
4ue
o Je o0z
g -
joe AN
' ond r~
47 0
" o
¥ ~
y 450,
Lo (X -
P Yy o
8
(3
- Jeo =
, 5
48 0
Hs0
01
A,
! .
- e - - -
L L




0w
a
=
=1
[=3
Q
18]
|53
=
53]
a
=
1<)
=
[=3
(%4
m
w
=
[=3
o]
[
(8}
7z
=
29]
5]
M
a

. ————————

Injury Damage Functions, People in the Open

7.2.1

S e o iR et s £ e - e ———r—— -

s v o e o SR T ST

T T A TR T ORI

T




‘3% 1'0 ‘uado sya ur o1doag ‘uorioung d3eueq ALanfur

(1) 28uey
80 9°0

AN

*3sang 3oe3aAng

Y

Z'0

punog 1aM07
antep pa3oadxy
punog z2addp

uoyIeTpEY IBITONN ——]

‘0
re

s

T

\y

umm.,z.uﬁq.l_av
TrwIdY -y

\y
Vi
LR
Vit
[
1
\

\
\
\
\
[\

1
|
\
\
\
\

\
\
\
A
A3

T v i EA W ¥ ey 7 903 1

"61°L 2an314

1qeqoxd

A1t

Lanfuy 30

o e s

2%
&

X
o

PP

L ek s




R

Rl TR

‘a

‘3sang adeiang
€'0 ‘uadg 243 uy 91doayg .coﬁu::& 22vuweq Lanfuy 0e ¢ dan¥ g

(1) 28uny \
,,., 1 7o 0’1 80 9°0

' Y T
¥

N 0
X \ / 410
“ punog Iamoy \ \
§ aIniep vcuuwnxm[ / 1 4z0 rq
’ PUnOY 13ddf) ey \ \ S
, w — 7 G.O [ -3
, g g0
\ | Jv0 & ~ ‘
Vo g _
i | 450 \
w v o /
i " 190 & v
Co UoTIeIPEY 2R970Ny -. H 40 ,m |
. N — _<
) umﬂﬁﬁwc_ﬂ.lv. 480 .,
w am_ﬁof.'v/ —— 460 '
% N
’ 13

"
&

Ol K¢

TR B

Y 5

“. - &

L »-\

¢ i

P 4

L .

S TP oy * . 3

I T vk |

s T - .. —~— “~ay g :

o SR e E o a0y S50 (s St oot s

QLA A ot x0 b




Pilperpiy

- -
5

ke 430t

gl ey A s S M A R R Y
0 N
Laaid RO e
¥
13
!
' sasang asejang
‘IN 1 ‘uado 2ya ut atdoag ‘ucyloung a3sweg Lanfuy Yzl aandy4q
I
() aSuey
%1 [ 0°1 8°'0 9°'0 %0 Z°'0 0
v L) Jl”-/ T - g y O
///// 410
punog Iamoy \ N
. anyep poioadxy // // 4z'0
! punog zaddp \ \ L
. \ \ €0
; v .
: Vo 170
, \ 1 ~46°0C
\ \ 1..
uoTIBTPRY ABOTONN ” “ 9°0
\ e ISBIR3TY .f.o
\
! \ \ Tewaayr 48°0
) Mllé”ll
' AT 460
/;1 \
- 0°'1
3
At e e e e et e

T T T rom st > e 2 ”

Vi 19

Lanfui 3o L31119RqOad

oty o

A

7-2S

LN \ R
e b7 s ¥es’
P kL s st
T— ’ e
=y 9, 8 AF 2 B At e (4IRS




Va0, e 14 # aeelz w NINE W ® (B TN
o

s3s8ang 9ovFang ‘Iy ¢ ‘uedp aya uy atdoad ‘uorioung sfeweq Lanfur -zz'L dandyy

(w}) 28usy
; 02 w1 Z'L_ 01 80 90 90 20 0 i
b T T T Y T 0 ‘.W\mm
. gL
._ T° R
: 4z'0 v;w.mum
j g |
!, . \ de- o v u. )..JL
: punog X2M07T // qv0 I ] it
A S
antep paadadxy \ < ~ ! p»wm..ﬂ.
punog xaddf —e——s / 450 ° m..wz.m
e LA o
H \ 490§ iy
\ ]
\ “17°0 < )
. /LII 215e1qaTV .
/ “I‘-llll‘.‘. ped .HNEMUH.H —18°0
K AY N PBY IVITONN
/ T P 299 deo
' ~ ~
e D 0°1
3
b
S
) . e - e . - T
*’ I
wf.fm |
-

e o n e A POy —-—

M + Sep g S 8A L m b . o
o e 1 A SIS e Tl S oM e aantf SRR v e gl Jing SOALA L L e




e BN M 2t e <

*3sang aoe3INg ‘1IN 01 ‘uedp 9ya uy sydoag ‘uoyaoung 2Beweq Lanfuy gz -/ 2and1y

{(uy) 2%ury

\
N ! b
N ” “————punog Iomcy 70w
N O
™~
l/ H 470 W ~
\ ! o !
\ 1 420 ~
Nt 1serqagy a
ante, N\ // ! g e 2
punog zeddg— paran x»ll.' Il I/_—Al peY teafany J9°0
3
1 Lok
—_’u Pey (rwiayg, 3 ¥ 44 ‘__,
1N 40 AT
L1 RS A
-~ - II 160 . ~_
W~ o1 ]
i
]
s H
] §
!
H

o

X e

5

LIRS

.
2 R
. B e f B Y
P —— " - o g ¢ vty e e o - . — ~—y
Y 3 b 1 i cra e T T AR N T b e oo sk 14 AP X




T G A e O e A et

*38ang aoejang ‘IN 0¢ ‘uado 9ay3z uy aydoad ‘uotaoung aBvweq Lanful

(mx) s%uwy

‘977 L 23031y

2 .
kS

5
T

.

AR

punog Iaddpemem———

T pry amatony

So— ety
angep N pry emanuy
prIIAGNE -

Yy
o

AR A
DGR
e e
i 13 L ERATS

X
v

v

£anfur o £33131QwqOad
LR et

e A wAm e el £ P

o S et
" T At

a¥o ity ol 2T

Chertetige

IR - .
Ry LR W R
—— —~o -

ot L RN Ao e L it B 3 L R 2 N

P
LS




*38ang soezang

‘14 001 ‘uadg aya u
¥ 21doag ‘uoy3oun
Jd 83vweq Lanfu
I °¢z‘f 2ang
T3

(W) a8upy

4
1
{
i
i
i .
! {0 W
[4] m. &
ivo ¢ ~
oy
) 180 g
un nie,
Punog zaddp_,. kuoumx%‘ / / NN 4970 ~
fond
1581Q11y 449 <
Teuwzayy g
<

18°0

e

5 e

wm

- — e Ry
" 2l

ZEp o, § o - a4 ;
. oopidi g g /. " 5
i SUTEAY B3 Sy gany pa




i b s a3 UKL LAY

*3sang jo 3y31oH paieos m:ax\uw ooN
‘IN 1°0 ‘uadp syz: ur a1doag ‘uoraoung adewazq Ainfuj

*97°L dan3yg

() a8uey
%1 7°1 0°1 8°0 9°0 %0 z°0 0
f T Y T AA/N/ T 0
\ // 41°0
A
Vo 4z'0
f— \ |
punog Jomoq \ —o £°0
anTep paijodadxy \ \ dv-6
punog xadd[) em——> 1 \
[ 4so
[
1 9'0
‘— \ )
uoy3IBIpPERY aea1ony \ 1 o
1521q1TV—2—l .
.mmsuo:,alv—’ —— 8°0
o\ 60
M)
,b
0°'1
Carm e e e S e i i

5007 g ek

Lxnfur go £31Treqoxd

e

o

2o

~

AN NPT

M e
N
<Y

A
‘S 3
;-,; 3

5
—~
%o
A #

<
n?
.
R 1
—
i
A .

WY

2
4,

-

e

s

7-30

N
&
~
o

.

-,
R
ST

\"

-

38 n

-

£, 0o sn I rI e 1Y R



3 GOLNE A ¥ A D TCRTNY oy
ROV OGN RIS (4 h

*3sang 30 3yBToH PATEOS ¢/1IN/3T_00T ‘IA €0
‘uadp aya uy aidoad ‘uoT3duny a8eweq Lanfuy -22°7 2andyg

(uy) a3uey
8°0 9°0
o~

~

punog Iamo]
anyep poadadxy
punog 29ddf) ————————s-

\
\

,. 4
_,i mmz‘si
\ i

uolaIeIpPEY IEITONYN —Al'—wlﬂﬂsaof..
\ \

\ \
\

\
\
\
\
i
\

Lanfuy 3o £21719qvqQoxg

\
N //

T
A E P T

R — — -
i g g SEi A (R TR A Ol G0 g S s AN D AERAL T s MY (9




Lot

. 3sang jo 3y3yay paTeds mmﬁax\uu 002
IM 0°T ‘uadp 243 ur a7doag ‘uoriouni adseued Lanfuyr gz ( 2an814

(unf) o3uey
8'0 9'0 %°0

punog 13m0
snyep poaodadxy
punog xaddn ~-

pey ‘ONN
punog xaddp
(- 35eT1qATV

Lanfur 3o £L3T119®40d

—————_ TPuIdYL

AR LTS

IRt

T _ — ] vy

St
Y

Y P o - .\..?4(«\!»\?..;-: A,

Lowrd oy b e b W € 3 B8 S



. . * .
J,‘.,uz.., ey 3 i et aal i LA T b A 4t jRedti hh hait et TR g2 " TN SN YN oot ? [ LA VY, H ST
o~ e v ————— P - AR T o T . psma—————
r
)
N 1
"y
‘N +3sang 3o Iy3t1eH pateds
: / IN/33 00T ‘1M € “uodg 2yl ut atdoag ‘uorioung ofeweq Lanfuyl "62°L 2an3dtJg
€/
, (av) e3ury o
) p . : : : . 01 8°0 90 9°0 0 [4 w5
"3 z°2 0z 81 9:1 %1 z1 . L k . o .ﬁuaa
[
’ punog zanor| Hquo b 4%
H Jrro . .h“.w.wmw
: 3 ) e
. qTog el ER
o ! L3 2 m
= ~ rES
/ I-N-o L v 3
\ | x

e
s
e

B ‘)
- punog 1addf ————es |.VA|| PEH PN d¢n M ‘.Lﬁ.m»m
-
\ o W
\ 19°0 o ;) x,ﬂ&
\ F 4
\ L0 18 x\.,%
’ i - v
’ //0' IRPLQITY 48°0
/.1l|.||/.1|. [razayy 460
~a //:
01
’
:
L
' 4
'
- —————— - e » -
.
o ./ S s r.,
IR L L
e o+ o ettt - - — e~y - -
e - L MM 4:‘. s S LAY N e s et Pt ik Rty A YN Tt TS ARt e Y Nty P
v i Wb o T den e B o y gt . Y

¥



an Sk e mATTRY

€/

- P B  ——————— . ——— - ot

*3sang jo Iy3ToH poTeEdS
a.am\uw 00z ‘I 0T ‘wedp 2ya uy aydoag ‘uoijoung s8euweq Kanfuy -0¢ L 2anl1a
(m) o8uvy
< ki € 4 1 A
F— e B — e e NS Aman 0
\ ]
- \ o
// 1 . -
< t 120 -
N\ g 3
N i w— PUNOY IANC] e 1\ ! .M,wﬁ
A w £ ~ LN
\ ! 17’0 = »jﬂw‘w.
zatep poi1oddxy * ﬁ_l 4s-0 .M fm..%
punog 19dd ————> /—r i / " s m
\ __IAII pry awayonp 90 &8 ¢
o qeo &
1 \e— arer1quy i
l.lil/fl) yemamyy, 10
\
M \ 46°0
\ III//
~ — ——do T
. o TR gy e DR .,3125,11,., ......,.«:Tamﬁl.q‘ﬁw;..wl,.,, 4.‘. tﬂ.s o .s...\..?y.,‘, o k,.i(:..v%. O B SR




Kt kR Y H e CYTRT Y s T TR Gt e e e ipade 2 " REZEREA I ML s R ¥
.

*asang jo 3ydyoy poaTeds
m:._.x\uw 00z ‘IN 0of ‘uady a2y3 ur aydosg ‘'uorasung afeweq Lanful g7 vandyg

) () sdumy
09 $'S 0"¢ S$'y [ ] $°€ 0°¢ €2 07 $°1 01 §$°0 0
T e — J T ™ ~ T [
T - \
' I// PUNOY  AINP| ——w B LY
~
I/ { 4770
S N 1
N
, // [} o 19N
| y
N | d%0
\ I wpuy 1vogong =
N S
AY } ISLIQIyY ”
. N ! 19°0 2
AY Iy
punog zaddp: [P — _Iul 2
. // rﬂ“ jrwion) L0
. ~ f 48°0
NS \
~
/J ~o -l6 0
X ke
01
3
R
F
_ o e — ¢ em———pan -
T L L e S SN L




*asang 3o IYy3IoH poieds
\M.H.x\um 00z 'IX 001 ‘uadpo aya uy a1doag “uoyadung d8eueq Kanful -zg¢-¢ 2andyg

€

(o) auvy
14 11 9 s

T
~
-
~

punoy
AoF ] —

anup —pry onp
punog 20ddp— Pridodxy
ey

entagy

o e e R A

.
£ e




< . ; .
’ BRI Lk 2 2 LNt v LG e e s F 05 by ..»”a.v D4aTAIN
L

v e v amamae masen L - er——

*asang 3o ay3y{ay pajess mmﬂwhx\um 009 .
‘3% 1'0 ‘uado ay3a ugy atdoag ‘moyIoung 3 eq Lanful ‘¢g°f 94n813

() a8uey

' %1 Z'1 01 80 9°0
15 L L T T
<
)
S
g
‘ punog IXamoq IA __ <%0 m “ e
anyep poloadxy i oy oo
. (54 Pl
punog zaddp — 1! 460 < . .&.N
| i ° R
! 490 ™ N s
. X z -
. uoTIBTPLY IBITONN uwffﬂ?l..)—— “4L'0 g
z \ . ks
HnE»of.I'/— 480

. %& |

" At s = @ m———————— v ———r - — —

£ 7R 9 5 . ) G e g B TNy
t R LT T e MU AT\ R L R Ty NN T SRS W IR I R Si N s e e

al




-3sang 30 3y319H paTEOS m\ /33 009
o8elieg Lanfuyl ‘wg'L oand14

¢'0 ‘uedp ay3 uy a7dodd ‘uotadung

() a3uey
80

punog XamMo7
snyeps pozdadxd
punog xaddp -~

B e
ke W

33
s Fod

L

-

\

\~15e1aITV

/‘!/IIA Pwanyyy, -
\ \
WM

W\

.

Kanfur yo £31719RqOXd

uoTaeIPEY 1BITONN-




il

RIS Y 3 Gr o mn  an A IS R ORI YIRS

-a9sang jo 3y31aH poreds
.ﬁu.v_\uw 009 ‘1Y 0°1 ‘uddp aya ur atdoag ‘uotioung of8vweq Lanfuy  °gg '/ sandy4
(uny) o8uey
9°0 %0

T T

7-39

punog I9m07
anyep potdadxy pry ILITONN

punog xaddp ———— 1seiqaty

Aanfuy jo £3171198901g

/ull/.ll {ruIayy

e 1 "y b AN

e oo 1 e i T, A prr S
- g " e v oMb I e woass o v

7

& 8 Ju o e e K S e
* B . N . 2 4




*asang 3o 3y8toH paTuESs
¢/7iH/33 009 ‘1N ¢ “uadg aya uy atdoag ‘uoraoung aFeweq Lanful -g9¢’L vandyg i
gz
o
(o) adury “§
L 01 9°0 9°0 70 70 ] .Mﬁi
Ll T T T T 4] .w
- - pUNog 13m0 ~1°'0 i W
. qzo i
o ¥ 3
m/ Tet .,,.u .
AN 4v0 T )
\ 1 <
\ .
) 10 2
- AN .
punog aaddn anup paaaedxy //_ prd averong 440 5
4 -
[\ /o| RLEACEHY {10 4
1
Ve tvaaayy qee
[ U .
~o l/ 46'0
i

e e e T T




.
1
¥

€/

L8733 009 ‘I3 01 ‘uado oyl uy a1dodq ‘uoridUR] 3

*1sang 3o umw._oz patEns

(1) 2Bury
14 1

eweg Lanfuy “z¢-2 2anfy3

punvg 1add))

O it 83 40 ey AR Y

Y T T Y v T T T Y
punog somu] -

1" pey awaony

| WOUSEEN I SR TS TR P 1Y

onvy,
puidodxy ~

4 rauoyy

o
10
i¢0
1%'0

450

i8°0
46°0

RPN Ll ol 2 Lt

22

& a3ty irRe

BT s

AIT




ey oA A e e W WY

jagmrstaar it ety

*3sang 3o 3Iy3iaH poTeos
¢/73/33 009 ‘¥ 0 ‘uedo oy uy o1dodg ‘uoyasung fvweq Aanful

(of) oRuwry

91 X

g Y

punog aaddp -

punoy
nry -

————pry NP

Ty

v e ———r——rvara 4w >
s ey At - - >

< anaper iy ;o
M T s Ayt FnARRY

e

‘gg ¢ aanB1gz

3ITIQEQe4

o s e

¢




Dilass e «iin

. \ 135ang 3o jy2yay paieog ’
m:kv_\um 009 "% o001 uadg ayj Ut atdoog ‘UOTIDUNg afruweg Lanfuy .mm.nvunwwm

(@) s3uwy
6 8 L 9 9 Z T 0
.~ ) 0
._ 410 £z
| : ol
| qc°0 d AL
i ] o
1€0 < -
| 8 -
1 490 = ~r
1 = ~ .
“ll Py onyg 45°0 M 4.
— 1., T MO
punog aaddp._.) { 9270 nm..
AL CEETNE AV m
i
|
!
]

bl ivrac eyl T e e ~r ———r——ragn —
PO e a7 e < REZr oo ..:.,J;\.w:.. ok o o "




2N
b
L

=

Py
32X
EERY

Bl -

R

=]
L
=1
(=]
]
<
]
<4
ot
[
~—t
[
o
[
A
0
=3
=3
o
o
o
=4
3
o
e
Wu
)
a
>
19
ol
-
¥
I
o
=

7.2.2

e g o~
=
TETT et 1§ Sronr e B AT AR LR L T I T L TR WAL WA




T T o

. ‘3sang aoev3yang
UoTa5uny a3pweq Au:mumm A 2an3yy ‘

]
3 3
g g
i -4 3 vy
punog samor — | { | I 170 = e ¥,
o784 podvodry — L I cg 9 .ﬁw&w
PUNog 13ddp g o ’ ,.««u,mmm
90 N
I% O
4 N b
A o & e
\ uoraeypey IBITINN —~—mi g
(33
8¢ <

" T e et e e« o L
. < R et TR NP DX Y o »y ¥, P -
v Sl QERLL T 7 ritos Coe i e A g
s s 2y s s, B A e St e




P

‘uadp g1 uy aydoad

(my) a3uey
01 80 9 0
L}

T isang aopjany
‘uoyioung a8vuweg Lirielvd

AN C 0

punng 12M07 »

antey palradxy >
punog 1addp -

1oy3epey aeayony g,

.

18Ty

\ n

jewzayy ?V/
\

vy randyg

) \

TN

A3

"
=

Aalryeled




¢ 70 s on iy 4 posaLl, ot iy .»?V.L..f hn s
Y e e ey B O Y ovaen L < ae e oL
LY
. I
! o
j
\ * 3sang 3283208 1y i )
| ‘uadp ays T s1doay ‘UoT3ouny ?3eweq Au:mumh 9y dingry .
! “ «
~ (o) 23upy 4
f VT oz 01 §°0 9°0 770 0
0 | s
R
10 15
0 ‘m z
J ‘. \ W \ . x.%
| / €0 W. ~ | e m" .
0 Punog ADMOT ] . oy 3 | L or
, \ | v'0 o ~ ' oy e
" anye, Pa3oadxg .| v g ey
' Punog Taddpy — | [ S0 ° Tl .Wq,
[ "~ s
) v 9'0 & lel
! 1o 5 -
. ISBTQayy {0 X
. UoTIBIPRY Teatony 4, [ <
Tewxayy IL, / 80 &
a
. 01
. \
re
. - e TN N - '
v g % ¢ '-.. ]
‘..,!s?ni\?.af B 277 T I.i.l,i!sq. DX R e Ares s‘.,wqf;i\ﬁm : Loy, ,Af ?” N A t».l..\eef s gt o DA sfe iy ot o w..r/ ;-
) X e M ek i Y



s m
!
[
4 ¥
. | *3sang 08IaANG , .t
‘1M ¢ “wadp a3 ut a1doagd ‘noTIDUNG o8eweq Aalfeaed €y L 2an31g ’
A
(mwy) 23uey |
91 1 01 3°0 9°'0 %0 Z2°0 0
Iu ) L Y O \“.‘\M R
At oA
AN 4170 I
N By
WS
// 41z°0 2 *..wq..w .
1 N s g
s \ “1¢0 5 » e
‘ punog Xdm0T \ P g e
eutep po2oadxy / 4470 m ~ o
punog xaddp—e \ \ deo o VV.Q
\ / rH . :
\ \ 490 ® ’
\ \ 90 & .
S \ 40 =
uoyarIpEy AeITINN / - 1581931V g
\ \ 480
A«Ehos.w.l'/ \
AN \ d60
AN \
~ N\
St 91
e e e ] -
TS * = L e e T IR S Py
.t > LIET b U i R o 33 i s ;.%).t,lﬂ‘ _ gy

A -
B . 0%



¢ 2s4ng
aoe3Ing ‘IN 01 ‘uado aya ur ajdosy ‘uoriduny afeweq £3TTRIRy ‘uy L 2xnlTg
y
(1) slucy
' "'z At 4 0t 21 91 LAY 1 o1 8’0 90 %0 0 0
4 f T Y T T Y . [\]
% .
A qve .
H ~ Jy-
s N v s .
: \ dr0 3 (N °
% _:.::a// s h
: —-3amog N dug 1 ~
! \ ey "
N de ~
§ pra .,.:z/ $'0 N ]
: punoft 1addy e PPIII0XT e / 490
L3
S \ 4.
4 / Lo
WM /‘llgaﬂ~n—h—< 4870
i \ .
N /0/!/:..525. // 40 [
w o' AN o1 w
k)
£ !
; |
f
; |
¢
! .
M |
{
¥
M i
; !
& .
: e b o e m—
| T
» b

X

e

P ar
P FAs
e

T
L
Mf _.m.&

g S
em o opboss g o



X W o % T ot G i A K ) ATV Al LR D et CAY IR AL TR N 2 :v...? s it i ‘ﬂu
“
- <+ mm o ———r o
*asang
aoegyang ‘Iy 0of ‘uedo 2yl ut atdoad ‘uolidoung a%vweq A311EaEd  G%' ! 2andTd mwm
C
(um) asury .»wv.»
$ ki € z 1 0 V¥
(o T T T T T T T T Y L Y T T T T 1] .MW
-~ , B
s~ o R
~ H o
N vo 3 RS
- punog 13 ‘>
g - purog 1 . s o .iw»a,mwmt
©en 8 2 9
J w. ] Ts.w.,
1) g -~ < R
/ 70 - ,Smnfsw
< - ¥
\ 0 o ¢ B
[ pva o - A
punoy 1addp e \ 90 w .&
- ISULQIY jd »
° Lol
/ TrwIagg L0 ."m
\ <
\ 80
N\ 60
A Y
S ~ o
M -
—
S e b B
Vaent A ted Qo Sane N 1
g oo ey e - — ——, ~

" o T o < TR L e e

< M n e



bl R A by

P . L L Y T eV pesT—
. s AW - o e ae e e LT

*3s8ang

aoeyang ‘IN 001 'wddo aya uy oydosg ‘uoravung aSeweq A3TTeavg ‘9 8andyyg

(xq) nluey
< k4
U, B SR _ 0
pl ~———l Ty r——r—r 0
o
{70
e—punog 1amn01
) 1€°0
47'0
pry -ony 4¢°0
R AY
punog avddpn——a an(ep prIdadxg—e // TEEANY 19°0
/Al—-._.::._.n. qet0
~
18’0
//
~ 6°0
et
= o'l

0 A23TIqEQO4

2330w 3

S— AP ) St

'

m)ﬁ‘nax
_;,.;ax\nv
—— 4

BA L Ry gt v gy



”

*asang Jo 3Iy3719H peleds I%/33 002 ‘1A 1°0
“uadp msw uy atdoag .coaummwm a%vueq L11TeaRd  [%'¢ 9IndIg

(my) o3uey
21 71 01 8'0 9'0 %0 20 0
L

r Y v

I EY

punog 13M0] » ..g v'0
antTep poadadxy
punog x3ddp—-»

s'0

9°0

L°0

uollIeIpPRY IEBITONYN »
80
60
01
B e A e T R S P

fa11e3ey jyo A31yIqEqOxd

o ————— . pooe

i ark o 4

e AL

= o e i a S SAIT

5
\}

o

o~
2
-
-
5
wi Se
£

7-52
o
g
Y,

N ,§v‘§;§‘
TR

~
)

<

[ %Y

I !
PR AR
PR W
P
524 ogn s

PO

e




O e e

! gy ,&.h.ﬁu.,.x...f.

T

‘35ang g0 3yroy Pateag mmwhx\uw 002 ‘1w £°0
uadg ayy ur 91doag ‘uory

d a8ewgg Au:mumu 1A dan3ty

() afuey .
" T [ 0'1 8°'0 9°'0 7°0 Z°0 0
ro— T T Y Y N Y 0
RN
(AN 130
/ \
T°0
\ / g
Vo feo ¢
R :
4 H 7. @
Punog 1smon > \ _. ° ,m "
anyep Po10adxryg i { 2570 o
punog aaddp ! 1 o
._ “ 190
cr
D
ummﬂnuﬁL—l"- 40 =
UoTIrIpEy eatony | <
Tewzsyy IL, \ 480 <
{
Vo e
N\
A 0°1

B A Ll s 4 s

SaTA

—
Lkl /0. gl Al pucce




+asang yo 3y319l paieos wmwau\uu 002

‘I¥ 1 ‘uadp aya uy a1dosg ‘uorlzoung o3e

Lay1eaed ‘g4 L aandyy

(my) 23uey
%1 1 01 8°0 9 0 20 0
f T — =1 4 Ly 0
~
// // q1t'0
// \
\ “q¢°0 .
\ \ .%
\ \ . €0 o
\ \ &
punog xaMo7 > / \ 440 m.
antep peaoadxy—iw! \ / . g
punog xaddp-—n / \ -16°0 o
\ \ 1o0 &
\ *+~3se1qaTy 5
uoTIRIPRY IeaTOnN —to) / ,— THL0 m
Teuxayy

v i dg0 <

// /

N \ -16°0
// \

0°1

7-54

RO A

LIPS

perony

STy

e




S e PO, (o i e % P e e B s v A P

+asang 3o I34y31oH paiess
{I1/33 007 ‘14 ¢ “vodo ey uy a7doad ‘uoyacunyg vBeweq A3fyesed  "06°L 2andig

€/
(my) a2uwy
0z 8°0 90 0 20 0
L A L3 4 O
S~ 410
//
S i
W:M \ 0
\
\ 1€0
\
// 4%°0
punog a3mo’y /A.Ilumﬂnu...:w o
anyep pazoadxy — \
~—]PuIayy \
punog zaddp—— \ d9'0
\ .
\ / 4L°0
\ \ 80

N R UG St e e e P SR

£ L33
- _
. e -

11q8qo1d

T
¥

o fa

fatryeaed 3

7-35

B
BT %

£ v

<
e 3

.
=
Y,

3

&L,
&l

L

A

s .

L




- —— ¥ MAVIAY L e - + e e

*3sang jo ay231sH pateds
g /34733 007 ‘1% 01 ‘uado oya uy a1dosg ‘uoriouny o8eweq £37TeITL ISTL 2xn8y4
.
(wq) «3uwg
2% 3.1 8-z £:1 9:1 o2t L) 8°0 9°0 . 70 0 o
Mkt Seya T < v T T T
/I/ ———— 1Y o
-~ —— punog I5RoY T
42°0
3
AN 4e'0 ¥
AN Z
doo B
\ ? s
// ° 459
\ ES
\ 490 2
\ Hd
punog 1oddp— \ s s
pey ONN @ 1IPTANRY - =
A dyo
/n
~ —1emaal '\ f PEY
. ~
N e e e .
¢t
,. x.;..xi..ﬂj‘.m,nuwwa.i- T e T e o 8 f S S b b ot e " ey
2 e . tf s - £




rasang 3o ay31aH paTEdS

m\aax\uu €0z I¥ of “wado aya ur aydoag ‘uorzdouny oBeweq A3ryR3IRl Z¢'/ 2andrg

(m) s%uwy
[ L4 €

R L Ly T T
-

ounog aaddn-. \
\
\

\

\
_ALﬂll pry ooy
4 - ISPIQITV
/ﬂ'l\v.anl):pCo_F

\ \
B LY

-~

1 9¢]
0
€0
v'0

so

£31(eavg 3o L1T11GeqQOg

AN v
LS

Aw.

x '

(s

IO

7-57




- A M .

-
'
..«.
. K
-

‘asang 3o yS19Y pPoOTUOS . o3
¢/ /33 00T “13 00] ‘uedp 2y2 uj oydoad ‘woiaoung ofeweq LayTerwd  ELT/ YINCEL 1
(umy) 2Buey .www .
i S S " € 4 1 0 \ﬁm ,
ot & £ k2 T 0 Y
L amnand L L ———. ' ] ,r.w%m» .
tI.I. uflcﬁmm “OnN . Pty
S ! d1°06 iR |
// ”..»m.mmw p
AN 1 shE
o (RSN
\ www.om 4c0 o .«Q F% .
VT Gt Y &< L, ha - 4
\ % 5 sl
120 o ~ ML 7 -
\ g v ER
\ . SR
\+~—— 3aseraxry S 0 8 “ i X
490 7 ]
™ ,
ﬂb.\
—1ewI2uL 420 &
<
+8°0
N
N\ 46°0 .
I
=, 01
— e ‘.).y.;,in;ﬂ‘.mﬂyn S .EH: &M;rm..w..s.ﬁw- o .1 s ,.
T . s 27 .- e AR ...,uo... ; L R




» -
DR ~

KV I

Rty - 3
il =R o W

Rt SNV

() a3uey
71 z . . . B
P r—— .ﬁ om w.c 9°0 c.c ! Z'0 o )
4 // ./ Y
\ \ T'0
VL
Vi3t o3 s
» — ﬁ.Q mu.- \va«.m\.
PURog zam0q -~ i vo = @ SalE
aMnyey P33dadxz ! g o ,au.. ...r
Punog aadyn .| ] “ 3'0 e w,..wuzrm,
I .o
—_ 90 Nu »
1 & ¢
HOTARTPYY zesyony . {, tl 420 & o
g T
g0 R

'
Sovey i e oy o .
et X " retvlly 1~4,I.!...I..lbl'tilt-l( S

. . [ TR U
.. e MR oS T——— N L L PR TN
) S R AT N . R
N i ek GRSy PR
R oo
‘Q, N

. . » & o
» o a a.
.

> ..

.0

_ [



*3sang Jo IyZI9H pajese wmwhx\uw €09 ‘IX €70

‘uadn syl uy 214094 ‘to;4 3 o3euweq £317elel 66’/ 2anl1i
(uq) o3uey
%1 71 0°'1 8°0 9°0 %0 2°0 0

Ls v i L / r -~ /q/ // V]
\ / “41°¢

AN
4 qz0

8
/, 4€°0
| .
punog Jamoq > f 170
antep pazvedxyg—~ ,_ dss

punog xaddn - ’—_
\ S EXC
\ 4L°0
uotieipey IBITONY V/ : 80
1y 7]
unm.ﬁnu««,liw«l— \ 160
/f TeuIdyy —ey /x
N

0’1

4a31eaed 3o L3111qRqOag

P .

7-60

24 38

WS 7 7 IR

~ I,
e A
v -

w7
Y

BTN
o)
¢ e




TR

4
G
~

(3
Ve

~

o & TTISY ORX W COS MV

, sqsang Jo 3YSTOH PoL®OS (14723 oY .
‘18 T ‘uodo aya ut aﬂmwem .:m“uu:ﬂm omsm_mo Am.ﬁwuﬁ "9g' aIngry § .
{my) @Buwey
: ¥ 1 1 0°1 €0 9°0 50 (Y 0
f - s M T Y 0
~o N .
v// AN <10
v D
, oY {7
punog a0m07 > \ \ W
- antes poavadxy / \ 1¢°0 5 .
punog asddp \ / do0 m. M
v, / \ . <
q \ 14570 °
Y
\ \ =
/ \a—38TTQITY -49°0 o
f [2d
uojzetpry Ie91dnN / \ 4200 m. R,
\ g ,
\ {e0 <

~ -y
e mRB Lo
- . — e -~ oy

s v n) b MK 3 g s S 3

’ -



- AR i e .

*3sang 3o aydiay paywds

¢/M/33 009 ‘Id ¢ ‘usdp ay3 uy o7dong ‘uorioung oBeweq A3rivaey rg'L 2andyy
(wy) 93uny
02 9°1 vl [ 01 80 90 %0 z°0 0
bl v T T T T 0
~41°0
// 170 m
\ 4c'0 B
\ 3
punog Iamoi ot 0
\ 1%°0 '
antep poaoadxy \ g ~
punog aaddpn \ 46'0 o
/ \ m
voN P E
. (23
COTIRIPRY awdTINN— // //A..ll..umgn:«‘ 410 &
\ “\ <
/.M..l..lx.ll Tewasyy <480
: \
N\
~N // 460
/./ //
— o @ 01 B
¥
% .
't
N NE
- — NN F
“ ~ ,.m
,.c.m,/&“.hit\?\ I w0 N

— - 4

R IRAT: Vo




_ tasang yo ydTay paiwos
g/piN/23 009 ‘1% 0% ‘wedo au3 uy 2ydoag ‘uoyavuni ddeueq A3yTEIes

(o) eRumy

ggc L dandyg

punog 20ddg - e

NG o e ey

ot sy s ey o = -
S SE TR e S /4

TR

TR0

!
R
' b - R




*3sang go aySysy poTeoS
m\ﬁaz\uw 009 ‘IN 0 ‘uadp ays ut atdosd ‘uoizoung odeuweq Layyeawd "S5 L 2anBiy

(ws) aSumy

13499034

30 &

punog Iaddne

A3yqeavy

sy bk g e A/




o, 2830 ' @ . * .-.rs. s - .
4 AR s i s R s o
k 7 o 5 ‘“m
-— - e ETIANE Y B

£ - T STAR BRI AR Ayt ot st e

. *asang 3o ay31sy poleas 'y
g/111/33 009 “1d 001 ‘uedo 243 uy aydosg ‘uoradung ofeweq AITrEIR 09/ °anBIg ’ _ ;
i

(uy{) @8uwy .

‘ N
\ :
\ 3
_ TE
1 _uotaeypey | €0

{* 3zotony

17°0

7-65
e
Eoul

%
%ﬁ‘;\
e SOMEE 1o,

4570

onteAp
psaoadxy

punog xaddf) —e

L0

£L311e3ey jo A3711qRQO3d

1
!
|
|
i
!
{
!

-

(5

R

4
AT ey

Teuzayy }8°0
460

i
L
. 3
B
o
s x _,
P “ b ee e e e e——— fe e o —— N
A
Fyey
ot
'
. N AT
R . AL - 0
[y e uesb s oy gt oy < - s o ST L8 TUTANG S et et o
O RV St FL A R i e L O et ALY SRR R SRR TR 2 frt vt T T2
A g & AP PO L5

£
. L



Tt

Injury Damage Functions, Feople in Residences

s
e

o

cipa o

3

k<
B




R RN o or ¢

~

CH A

B
1 L
m *3sang oummu:m "IN TV ; .
e ‘gaouapysay ur ardoag ‘uorisung adeweq Lanfuy *19°'f sand1l . et g
. | (wi) @Buey 1
® 1zl 01 80 90 0 z'0 0 .
f T L] v y . ¥ (4]
| .// oA
41 )
D \@-13521q 1o . .Mw»» ;
, AL PET .m.%w i
\ & T
& (504
. \ 1¢0 B ~ _.,‘h.w%e W
\ Z B Y
\ A50 - ~ [ sﬂ.«,w.‘w
] punog x9M01 \ & ,..wm., 49
] anyep paioadxy \ 450 g I 1
: unog 1add 1 L S :
puncg xoddn i oo & - FA
a \ g It ¢
> 1 4o < , v
UATIBIpEY IEDTONY { .
1 4870 !
; }
\ -46°0

. \ )
.3 > 0"t “




*asang asejans ‘M €70

‘saouapTsay uy aidosd ‘uorioung 23eweq Aanfuy

jarataiae X

() a8uey
¥ 1 2°1 01 fR°0 9°'0 70 Z°0 0
f T T T T =T T 0
//
1'0
\  aserq 4z°0
Ve gty
/ €0
punog I3mo7 > \ o
aniep poaoadxy —t-o \
punog aaddn —» \ <0
/
UOTIBTPEY IBITONN — \ 9°0
] .
I
8'0
\
/ 6°0
0°1

*g9 L eandig

fanfur 3o £311198903d

e

P SR e e ) s VRS B

7-68

o
=)

e
foler

|
|
|

3 PR
S
vt

v

w: Byt z.hu.

ALY

i

e
&

€

»

=

o

ey
;

3N

N
e
st

- £
IR

L
RN O

&

¥
i




v« 1 P R VOV A i st

sasang aoevyansg
‘I¥ T ‘soouspisay uy »1doag ‘uoriocung o3euweq Aanfuy °¢9', 9an3dry

(uy) a%uwy
) : 9'0 9°0 70

\
N

f T ——

1 8°0
L) +
tll/l////[/:l
~
og 19407

anTeA po3odadxy
punog aaddp-m

N

11989034

I

%1 2t 0
pun

UOTIBTPEY XBITONN

Lanfuy jo 42

=

&

JOJEY T

Sy,

Nals

= v i . A e Al

M N
o
L g ‘2 2 .
N & *u,w Ty el |
v | R
e 3 Heo y e e st Jat g IR SR S R

(3 oo oy Aoy o Lo RIS I




o R EAS,
PELT

-ysang 90BIANS ‘(%  ‘59OUDDTSAY UT vldoag ‘uotadung aBeueq Lanfur w9’

(uri) @3uey

punog xamo7
antep poaoadxy ——
punog xaddg

el
[a]
]
o
©
o
.
-
o
4
<
o
g
=
o
oo
[
"
<

S
L 1 Y
TN




+3sang

Ioegang ‘I 0T ‘soousplsay utr afdoad “uorisung aeweq Lanfuy g9t/ @andig

(1) oduwy

i1 9 e ar g

S
+
.

91 y'1 z'1
T

T T

b R
-pey ‘ony %0

450
——punog 1aM07f 490

anje) pa3dadxy

e
+48°0

N areraay 45°0
I'

-~

B s
e vy
3
Yo s

Lanyuy 3o A31131QeqQoxd

-~




DR o MDA
Ve

*3sang
@de3ans ‘I (¢ “s9duapisay uy aydoad “uorisung s8eweq Lanful ‘99 ¢ 2ang14

A
D2,
T

N&

() afuey

ok

XA

g?

Ry
A ok

punog 2an0g

punog aaddp - antep PaIdAdg - f——0prx ony

Lnlur 30 J3313QQ035

1seyqe
< 1613V

G v

A

,
o P PR
s gt JEME
. s ;
il ol

L W A% BTN




138ang aveyang fgy 00T 'soouapyrsay uy ardnag ‘uot3sung adeurq Linfuy L9t wangyy .
A (uy) o8usy
01 6 8 [ g
{
i
i
| JZ2°0 «
” 7
i P 4
; £'o m\
! 190 o S
! g ~
i 450
} "
punog 1amon “ 490 m
anyey Poldadxg { d,. &
puUnog iadag ——.. | te <
ISBIGRTY —u “fvc.x -y
\

R - T T S s il'cnll.‘.l.l?l!l.. P e T —————— e - e
o A . R Iy ST L ey ; G CORN ORI I S LR s s AT
R ; . .

. . - . ¥
.. . ’ . °
. . .




..

Ovore

o e et

.

v P — T e e PR TR N Redlabie s in e s,
« o L et t.
. e Rty .
B i - e . .

*asang yo IYBroy Pateog £L1L4733 g0z
1% 1'g ‘89dusprsoy ur a1doayg ‘uotaoung p BUeq £anfuy "89°¢ sangyy

(@) 23upy
T 21 0°1 80 9°0 9°0 0 0
from— T T Y T - Y Q-
~
/ I'o
/ ¢
\ 3serq &
. B
€0 z 2
vo & ~ 7
Punog zamoq & wm.,‘%
antep Po3dadxg — $°0 o ~
PUnoOg xoddg | ” )
9°0 S
&
T IRy
uorieyrpey 183700y
8’0
6°0
o1 f
31
71 R
T m,.m




+3sang yo aySyeH poTeds m\aax\uw 00¢
‘I €°0 “sovouspysay uf aydoad ‘uorlodoung adeuweq Lan{uy g9/ d@andyy

(my) »Buey
01 80, 9°0
¥

d
T ~

NIEX I
sl ‘:*5
RS

>
T

U
R 4TS

2
P

ITWIT I9MOT
31wyl paasadxy
punog zaddp

Lanfuy 3o L3ri1qeqoid

uoT3IRIPRY aea{onyN

CEN * . P
S g AW e R L

B4 . n A SRS fe it




CRLRNANS ;r AT

*asang 3o IUSTIH PITEIS ¢ 1/3I 00T
‘LY 1 “sooudpisoy uT aydoad ‘uordung sdvdeq Aanfuy -o/°¢ 2an8131

(my) a8uey
%1 1 0'1 80 [+ 8+] z'0
Y T

Y

i;\‘;::‘:

X

T
7

J“kjy
2k

& 3
2
*

}%

il
0
TRy
et
)

R
:
W See

punog 1Mot
antep pailoadxy
punog zaddp —»

X

bl S

Lanfuy e L31719BqO3d

uoijeipey aAeaonN

e o T e e e
e T T T




[ Rra St R Ly

————. B . * #

; . . *3sang 3o 3y3fay
k- pateos nxﬁhx\uw 007 ‘1¥ ¢ “s3¥oudpysoy uy aydoog ‘uoyaoung sYeweq Kan(ug ‘1L 0an@Tg

(ux) oSuey .

0°2 9'1 71 21 9°1 8'0 9°0 v'0 2'0 0 N

-
-4
]
-t
N
<
fre
T
LY R
XX

“ 3,
i

5,
3

1
«~N
[

-

-
A4

W

LRI

€0

-
’
f_t«‘-a

S

20 0

P
nfu; 3o L2111qeqeag
7~
E)
§:‘i
ER
tpﬁ&%Q\
Y
R
PrTARE v

7z
1

20

~s°0

-

ontep
po2oudxg -

e

K punog xaddg —

?

-
ER
g
- R
X

pey -onN ~{L°C

A
S

/alnu se1qayy ds0

//
g LN
01

; \
. 1. 3
P
' 3k

1

.0
il i
w 1.
¥ I

- . ‘l

A ot - sT
. N
P noo .
s . RS

Ca o B ,J..m‘ti..ét*v. )
- - - —- - oy (

g 3 A N st SN0 ek i A Bk D i e A




‘3sang Jo 3y3yay pareos
atdoag ‘uoiioung oBeweq Lanfuy °zy°¢ oandyy

(oop) wdumy

angop
puneg 1addp - LS oy

Lanfuy ;o L3313GPq024

)

|

PR ——
£d

~ N ab ..
Poeg %,k v o N5

ol e Y S

o e DA

Qe




o o ——

ErUr S R AR 2y MAGR ML Uy i BB B e S ddne e g

i e T WU S AAACAID U s o _

] *3sang jo 3y3yoH paTeds
m:.ﬁx\uu 002 ‘1% 0€ ‘s2ouapisdy uy aydvag ‘uoraoung aJeweq Lanfug

€L 2an8yg

angep pa3dadyy <

weqany

[

Y 2 g 1}
1o
z'0

-4
"
1c0 &
[
o
90
I
..
|
Q
2
490 .
o
2
{0 §
<
30
6°0
01

ok a3t 8Tt g

,.
w t).i
e
. AN, .,
o bk i 2 s et £ Mt LA T e 28

i

s
ST

AL
e

i
A

A
i

.
a7
R0

ST,
S

7-79
Cs
25

Onr

*,
oy
T

Aol g

e 3
L
s 35

g
- e

~

S e

o

PRI
P AS

LW

.
I Aal
¢ .
LR A
\

., .
ey i
AT, )




T
AN BTG S ML

Gl A L 1

R M S e b iy

ci ek i

AT BB 28§ AR g o

*asang 3o 3ydrey

m\ahx\um 002 “IM 001 ‘soouepisay ur 21dodg ‘uorlosung aBeuweq
() @8uey

7 € [4

pateog
Lanfug

1

SR Th o et

"y exndg

[¢]

.

o4

punog laddp

15e7q3ITY

L]

i
\
1
\
1
i
|
{
1
]
| I
]
1
i
!
|
!
1

1

0
41°0

12°0
g
€0 8
jood
170
(33
<
...ﬂ.o [}
pvy =
W Jeo B
L
&
L0 <
48°0
5 6°0
0°Y

>

e

R
S

224

e

R

——
,
)
FRREEY

L7

TN
2, %
kA

t

N
RS
LFW vl.w 4
o W
3 ey
C v
01
~ ..Yw‘v
< &l by
LT
o
‘ Ll
v
+
"
44
'
&
W.W
;.‘”N
W2y
#
LT~

PN ey

Ty

oy

s

s




L GRA R SRR A s oA by oy raitelia ki 2y

~
e \\ - - ,
/
r \\
. \\ *asang 3o YBYaH pateds ﬂ\au‘x\uu 009 C.
\\..wx 1°0 ‘s9dudpisoy uy aydoag ‘uorasung a8eweq Lanfuy 'g/'y dan8ig -
_ / (mf) a3uey
%1 1 0°1 8°0 9°'0 %0 7'0 0
. T = 1° i
N\ 410 R $
\ iy L
\ . . XM
120 Y
\ g w&
\ Je0 m o oy Mfam
| \ . - ¥ .:3,..%“.
X 470 - ~ ~»whw:§
punog aamel M ,.m N ﬁa%
antep poloadxy 1 1s°0 ° * Ww.
ddp— s P
punog 19 _— 190 . M«&
n \ [ _.url”...
> A4/ [ '
. uorleIpey IALdTONN 2581q2TY—| L°0 A S
_. 480 :
/ 460
.8 N\
0'1
4
A ;i
- T ey, LT
S e B AR 8y
i AT e MR X AR ¢ v o NG -

M L

Cack Naaatcs oo MR gerivd ot a1 i Sl LY A v, AT £ A



3sang 3o 348yay paieos n\Hax\uu 009
‘IN £°0 ‘sooudpisdsy uy ardoog 'uorzoung adeweg Lan(ul

(my) s3uey

z'0

gL L 2anB1g

«.N «.ﬂlo.ﬁ m.o
v A 4 L4 L)

9°'0

-
~ -

punog 13m0l
aniegp pelioadxy
punoyg xaddp —

UOTIBIPEY ABITONH—

Aanfuy yo A3171qEqOyg

Rty oo T

bt

SRl T

PR

TR P NTIIN

N

-~

v\‘;ul-_‘

A
et e

Dw -
Lt

oy

)
AT
S

ot
e
SR

%
“.
o

-

>

%,
As"
.
AL

.

',

)
2.

-

o

"

¥

o
A

~

4 B AT

e o
e
daty




PR o Ak it LA PN S MPAEASSIRES . e

|
. . ) *asang jo ay3iey . M
po1eos m\aax\uw 009 ‘M 0°1 ‘soouapysay uy 9ydoag ‘uoyaoung o8eweq Lanfuy °/7°7 3and13
(uy) =8uey
0z 2°1 9°1 21 Z'1 01 80 9°0 %0 z°0 0 .
r A3 % L Y T T T 0 Yo
)
~41°0
!
420 " R4
€0 ¢ R
g - (- :m‘»w.,..&
~4%'0 ..H R.u i K I .M.,m%
o ~ « «..mw.
punog I2MoT 4s°0 M , i o
anyen paidadxy e
-19'0 &
punog xaddp— rM.. - ,.mf-m
.t.o 3 - R
i
+48°0
-46°0
01
) r
«.....
“s
A
it
¢ -
P -~ . oA,
' R wv.w«ﬂ‘wﬂmp@.\«m A
. e T gy

2ok 4vol A28




TERNL AU AR R gE 1Y TR

*asang Jo 3y3T9H pot1eds
.nu.v:uu 009 ‘Id € “soouapysay ur atdoag ‘uorivuni aBeweq Linfur gL aan31y

TS

€/

(ert) aBuwy
g1zl

RN

Laly

Y

&

pey  ony

111qeq0z

-—- ——plinog 10M0|

3

punoq 1addp—-

Lanfur 3o &

/ﬂll ARTIQIIY
~

-

gy

%

T

N

e T T TR




J O

+zsang 3o 3y31oH pateOs
IM/33 009 ‘IM QT °S2OUDIDTSIY UT atdoag ‘uoridung adeueq Lanfur gL L 3an3¥d
€/ *

-

(xy) 3Buey

bl

it
R

Y
-
e
o\
td

“anyN

S

"
2

IRTUA PaIdAdXg e

e
vk

el
o
o
-4
»
o
-
)
-
o
~
o
3
o
3
<.
c
]
~<

e

WBEIQATY

T s:.n.;. e e
TGN D A A,
badial Qe

——
AVINILN N AR




Ay ey i ey

*asang 3o 3y31ay
pateds n\aaz\uu 009 ‘IM 0¢ saouapysay uy atdead ‘uoraoung o8eweq Lanfur -og°; 2andyy
(wyq) a8uwy
[+ 1

T

punog xaddgn ped .o:&

Aanfuy 3o £31711q2q0xd

15°1qITY

\
]
\
{
\
{
I
|
|
|
—'
{
I
{
I
1
i




i

N A R SISO e

*3sang 3o 3u81aH
paiess m\.—u.zxuw 009 ‘I¥ 00l ‘ssduspiysay uy o1dodg ‘uorlzouny oBeweq Lanlfuy -18°L 2234
(uy) =3uey

S V] < [4 1 0

01 9
Lo LI T T 0

s
()

10

Mn
py
49

1
'

0

Jrsds

A
54
*

- & j
: A*.; _Q]"" .
s
SR

oF

pey
onN

a3eweq jo Aa11IqRqOag
53
o2

EELICERNY

]
{
!
{
]
1
|
!
!
!
}
]
—.l
I
1
|
]
]
{
1

£

’ “‘ N 2,
AR S

¢
¢

e e et s |3
A s B e G |
- e —— = = e

o - g ™
oot e S R e SR e g SN e s s A 4 o

aava T o R .

’




A , . . - , AR ¥ N . N
S SLe Pl . . ) > » . .
1
E.
¥
E A
k£
g .
:
B
3

7.2.4 Fatality Damage Functions, People in Residences

3

g
.
NPEEA

i 4 ‘-v“c"“"v *v »
e

2 ¢ Nt 8] e g ot

-0y

~

3

AP
«lkus(v “*""*L-f" .-« ‘%‘\‘L"i\z %
. n;}.&g& et ca.» (AT e 4o AN

g
.

P
T
.




*3sang adwyang
‘11 1°0 ‘soduapysay uy aydosg ‘uorzouny sfeweq L3yieaey

*28° ¢ Pandyg

(aq) o3uwy
¥ 1 1 0'T 8°0 9°0 0

L) L] i L] v o
\ 4U0

\
\ 420

|
1e°0

}
1 4vo
punog Iamor] “ Jeo

anieA po3cedxy H
punog 32dd() mmm—ep " 49°0
EY:2: CESYY ) ! 47°0
uotieIpRY IBATONYN s __ 80

1
\ dqe¢o

\

01
- T A IR T e ok ”.r.,s?

£a11®323 30 A3Y11QEQOagd

7-89

-t
e

>
[Ty

&
Sk

s
awoy

R A
'l

X
R Raid
o,

i

Pt
Fa

.

Cprve




N

b,
o

BT oT 54 > S Ao TR .

Er ket te
7 “~

e

e e e e 8 e o o e ———

- - - - -. - e Al e . ° (Il‘ﬂ
*3sang aoejang
‘IN €'0 ‘saduapysay uy o91doaqg ‘uoyidung dZeweq L3IFTrIRy "gg°/ 2an3td
(uyq) 22uey ww%u
71 21 0°1 8°'0 9°'0 9°0 Z°0 0 G_wﬁm
r T T T T~ v 0 AN
N Vo 2y
N 410 muwm
\ RN
\ B . »w*wwu,sn
\ ~Z°0 -d w—&.\.%ﬂrt
s ] £y
\ 4¢ 0 & b4 S
punog admo7 > \ |3 ] x.hwﬂm :
anyep paiadadxg—te / 4490 B " ’ ._.‘.WWWM
punog xaddf——m i ..m TN
u -416°0 m..
se \
ISBIqATY ’ — 490 =
uotaeypey ALITONN > \ N
140~
\ -
b Jgo <
_,
— 460
'\ . .
01 R
(;‘
. ,,w Y PN Yoy b ;o.vd.w".m.h.m
o e oY,
e i S




TEPVN

*3sang adejang
‘IN 1 ‘soouapysay uf aydoag ‘uorioung o3nuweq LIyyedey

(my) aBuey

@ ' 1 0°1

-

¢ T

80 9 0
4 U v T
~
N\

\

\

\
\
> \

punog Iamo > \
\
\

antep paioadxy —
punog xadd(} -

\

\

ﬂ 1Se1qITY
uoyleipey 83Oy \»

\
\
\
\
\

AN

4

‘98¢
0
10
770
"
(2]
€0 §
o
g
%o £
(34
-
s 0,
3,
9°0
[ad
[]
Lror
<
20
6'0
0'1

T RARAT TG L o TR g RN

aan3T3

7-91

-




-,
sy ES

SR TER PAT IR

B

X
'
#
k]
. .
¢
.
}
.
1
b
i
i
!
H
N
[N
o+

-38ang asezang
IX ¢ ‘soouspysay ur ardoag ‘uorjoung sSeweq L37Ir3ed

(1) a8uey
7°1 T'1 0'1 8°0 9°0 %0 20 0
' e~ ¥ u T Y 0
-41°0
120
1€'0

PUAGY XIMOL
anep poldadxy
punog xaddp

4v'0
450

\ 490

\ <20
uoyleipey Iwafony \
\ 480
\
\ 460
. /l:
0°'1

148

Aarreaed o 43171qRQOag

UEIAT

o

‘68"t 2an81g

* a.&?bv byu \- » g D

S

o
=
R

7-92
2,

- 7.‘**“'
W

o

4w ..Zrz.u.. %, it
e eyl s ekt I
—— —— - - -
130T v 7 o ey b TR > .n~ Cx o :4




N e

LN M it e S T

-

¥ wen

P

g At ¥ v e Ay s iy
N ¥ kil P

e SN YA AN N e

*3sang aoeyang

‘I3 01 ‘seouopysoy uy o1doag ‘uoyioung a3sweq A3IFreIed 98-, 2andyi

pey ‘onN

/ﬂilllumuanuﬂ<

S Rt s

L0
80

Tieaed 30 A11119Bq03d

A3

6°0

sy o atll.'.v.«:i;llﬂwi.ﬁlll‘!\iﬂdl

e e,
b T

- i
&N
o

\
»
=

e r———,

7-93

\

i gk

e

E

|

“al,

et

Sl
N
«wﬂ%ﬂm )

A (%1

A g by ¥
. ,%wﬁ, :

-
L.

S I8

i

&,




“IM 0¢ “soouspisey uy atdoag

iudckiiiiias

aadil T N NN

*3sang 3Ioeyang
uoy3duny sleweq L3y1Eieg

(1) afury

5 p Ay

. L mn M e o <

'L8°1 2and1g

punog aaddpy ——-a

nog

anpep
P103dxy o

f-— pry

Iny 44'0

It0
1270

wme

4¢°0

{31esey 30 X21313]eR02g

swyaagy

T et Pk z e Siniaiant g R =

7-94

P

—~er

»
2 iy
WA TR

T e A o

i3
_
&
%
P
5
a3
Pt
*
(3
&
744
.
.

Seesrer o




s

»

e aam sy

RS vm iy 16 o e b N

e

) ] *3sang adeyang
1% 001 ‘soouspysay uy a1doaq ‘uoyioung s3eweq L3yiEaey ‘gg s aIndrg

2,

(em) a%uwy

ST S

ki t z 1 o
T o L)
— \-\k w
{ . R AR
1o n [ 9t g Y
\ o St
PUNOY  TIMNOY e —_ 1o ~ B MM\ N
. BN
|} q¢0 * g
t s i.a.v%\ 3
| {+'0 ™ wm
MIPA PR e { » A 3
[} 4{¢°0 wEA
punog aadd; \ .,m k
foe p oy 49°0 A
\ "
L qt 0
| j
1 1s0 _
1 . {
\ 6°0 }
i
0y [
.1
71
&
S
'
1
’
[PV [P . -
.
. " [
bt N S e
et DG iG]

— —

e S« s
E R RN Vo N ; s 449 g

ot




A e o

- N.D

P e v e R 8 Ry ‘.H. e Iy 4 ,r.:} o _»;:.;:,. Xy ..,.‘ SRR Aan by o o V.v...«. 3 ¥ Ko X Adode oo £ o
Pnercm, L T T —— C re——
E 4
|
‘3sang 3o 3ysSyey pateog ¢/1%4/13 ooz
] “IX 1°0 “soouspysey ut 31dosg ‘uoyzoung 23vweq A317e3ey '68°L 2an3yy
4
% (@) 38uey
n %1 1 01 8°0 9°0 %0 20 Q
2 f T Y T T T L+ [
\
m i\ Huo
N 1
k I Hz'0 o
. 1 w
. ‘v:aem__ e &
g
.3304_ N P =
! g
anTeA pajoadxy —fm __ qso &
: I H90
Punog xaddp-p i a
| -
<

N l
-, UOTILIPRY Ieatony —bpe uw«f_ 480

o




O

e

-

B

N —

‘3sang Jo ay31aH pareos m:ax\uw 002

‘1M €0 “soouapysoy ur 91dodg ‘uor3oung o8eweq Layrered 06" L dandti
(m}) 23uwy
71 1 01 8°0 9°0 Y0 Z'0 0
L L S T Ll — ~ Y [4]
~
\ 410
/

12°0
/ g
\ Q%70 =
o
sniep paioadxg - punog | Jeo<
* zam07 | o
punog x3ddp—» a_ -19°'0 o
(2]
L ok
o
UOIIBYPEY AeITONN isetq oo
-u«.«.‘." 48’0

T O

> o1

A

7-97

VI e @, -

A

e

¥

=8 e r AAMA DL e 230 m SN S vr0

o e e




e oI AP A 1 S in ot

*3sang 3o 3y8IoH pa1eds m\ﬁ.uv.\uu 002
“IN 1 ‘sooudpysey uy a7doag ‘uoraoung o8eweq A371RIRg

b2
%

ot

30

P

.i-"
5
2

Y

52,

7

ety

G

~
(=]
&
Led
SX

3 >

S

5
= eeen
% s

N

'
3

o o
7-98

<z ™
=%

=

anyep pa3oadxy—

R

v

<
s
A3

punog addn—p

e o

~ 0
{a11e3ed 3o L3111qBqOag

UOTIBIPEY IRITONN

o
o

=)}
(=]

o
-

g3 e )

T R

vt
o e DL ke AR AN TA R e i

—




PTo—s et i to— ATV, A1

"asang jo 3y3iay pateds m:.ﬁx\uu 00¢
“IM ¢ ‘soouspysay uy sydosg ‘uoracung a3emeq A3TTEBIRY

da st

it Y5 b e
T N S et A

"26°L 2an31g

(wy) 28uey
. 71 Z°1 01 8°'0 9°0 %7°0 2'0 0
L] T ) T
J
\ .
\
- / -l
anyep paordadxy \
. \ 4
punog xaddp—e / N
\
: \ R
/ uoTlIeIpRY IESTONN /AI 15R7qQTY
punog\ §
[ xom0]
K / -
\
.

o
T0
€0
770
$'0
9°'0
Lo
80

6°0

A3tieaeg 3o La1yIqeqoag

7-99

R
LX)

«
—

; ‘
G Juios o

.~ LR
ANy :Vﬁ&uu
Ak

A R R

% e
i

3

SEe
Felal)

2

3
=

-~
£
&

-
e
Mo
e
&

[
o
PPN
Lk,
A
2

TR

TAN

e
o N

.

hel
RS SREN
,f‘.u.ﬁw.ww%\urin

5, SR 1, 91 Nl




T i omd wcn yer

A
o
fa

\ ‘Isang 3o WY3ray pare
$3duaprsuy Uy atdoag g o

m\ﬂaz\uw ooz

F XA 01
UuoTIounyg 33eureq L3110y

o ) . ) (wf) a8uwy
S

>

"€6°L sandyg

punog
Iamog

anyup
Pa3oadxy ~e

punog xaddn —m

o W

L g 3 -yr-=g TP

—pey -ony |

8 ad o

IN-

Il
(2]
[~}

© o

"
LA™ 4

s

o
<

L
% e
© o

(-}
~t

)
KJIIEJEJ Jo

£3111qwq024

W e S i

7-100

-

>~

g

L da? o

-~

s,

L s
]
s

.

5

3

&

=
<

74
L%

s

Eor e,
£
VAl

Vi

&
AW

k3
x
i)
&

Lt
655

P

W

B




3sang 30 IY3TOH pATwOS m:.av:uu ooe
“IN 0¢ ‘seouspysey uy ajdoad ‘uorioung dBeweq KIrieded

-

punog

g 20207

uot3eIpey

anTea pIzoadxy

punog Ioddf ———p

xBITONN

*96° L @an31g

P

——

S

7-101

ot TAMIew b IARY T B o I SR L it oo

A3tieaeg jo £3111qeqQOolg

1881qATY

e -

)

EERL 2L AP

- A

d T o ot

rr o B b




: 4 ... . .
A U o L Sl i T T
’ <
R
. "3sang 3o IY3YOH pateds ., IN/3F 007 .

. €/1
‘I 001 “soouspisay ul aydoag ‘uorioung a¥eweq L3yieaed 66/ dand1y

2 s

(wy) 98uey
S Y

4

S
o
-]
~
©°
©
o~
-
o
S .

:
PRS2y
¢ Y T T ¥ T | 0 TkE N
\ B
' \ 1vo i m i
VA b
\ {z-0 R
! % g bl &
T S
} o ~ R
! {70 & A
aniep i - 5t
poadadx3y —» ; deo < 2
1 =X
| 190
_Al,vwm .8
pucog aaddp —» {f "onN L0 o
aserqagy —* ._ g0 <
|
i 4670
\
01

. - = - — —
- yre 3
4 2 - 2 % 007" ol ap it & Vol 2T
= - e i 2 7 ety o VAR B T 5 g osy it
. - B .




T et o LT

TN TR o ot ™
K s Dy N ;
v gt [

-

Isang jo IyStay Pored
vr o ; 1eag ¢/1E/33 009
T a1doag HoTIdUny 23eueq mu:muwu ‘9674 2anfy 4

(@) 28upy

8°0 9°'0 0

[
o

0 g

3

€o ¢

=

%0 ~

H

<

$°0 °

angep Palioadxg —_ . ’

9°0 s

Punog aaddny —p. L0 m

oy

Yoraerpey ALDTONYN i 8°0 <
6'0
0°1

R 02 x e o,
T

7-103




o i, Bamer ot

S

5%

i3
g
3l
¢
3
i

“IMeg

‘asang 3o yByoy pateog
.moo:mvﬂmex Ur atdoag

0°'1 8

(e )

TN PR

(@) aguey
‘0 9°0

L4/33 009
€/1
‘uozrsunyg a3vueg Auﬁsmumm

LR oy RAKIRR AT 42 0 vy 2 ¢

"L6°¢ oanyy

anjes pas

punog

uor3eIpRy 1gatony -~

At o ey .

AR G e

dadxg ___ |

22ddy —p

L
t
o

1
o~
o

de0
%0

-45°0
19°0
q44°0
480

AT

0°1

L111230g 3o Ka;queqoxd

Ly

7-104

o)

2

3

[
e

2

ol

z

LS L
R
Mt

b
&

e

pees

A8

o

i

ok

<3




A o o

S e % s i

£

B e Wkl D Vo < i rts

K oo

3sang 3o yIToy pareEds m\ahx\uw 009
“1¥ 1 ‘seduspysoy uy oy1dosg “uoyioung aBeweq A3jreiel ‘86”7 2and1g

(%) 23uey
71 Z°1 0'1 80 90 %0 20 0
f T Lo T Y [}
410
\ ]
\ z°0 H
/ 1¢°0 g
\ &
o
/ 4970 mﬂ
\ o0
antes paioadxy ! ~
ad : o0 g
punog xaddpn —e - A o
\ 4.0 =
JN0Ty o
uoileipey IvITONN punog \e- aserqaiv]eg <
\
\ .
\ -16°0
~
o

0°1

P

g st p2h o)
Wi et ot

7-105

A
e

A

Fop s,
¥

R
e

P

PENSIVEIEAEE S Sy

-




ST A A —n

Py

FATTN SN kst ¢

*3sang Jo ayfyay pateds ¢/7/33 009
“IN ¢ *seouapysay up sydoag ‘uorioung d8euweq A3rieied

66" axndrg

- punog 13m0

punog xaddn —»

-—— 3I581qaTY
~

Srpiion vopes, bt gy [ionxpegagaitekaivag fon o AR .«..,\u”@a{. 7% 5 Fo Ol

€0
7'0
$°0
9°0
L0
80

0'1

£3yyeses yo A377rqeqoag




‘3sang 3o 3y81oH pateds m\akx\uu 009
“1X 01 ‘seouapysay uy aydoag ‘uoraouny o3eueq K3jieaed

‘001" ¢ 2an31d

(m1) »3uwy
2 02 81 91 21 21 e.— 8'0 &.o 0 ~.o 0 o
/ -ft°o
420
-jc'o
[ B ) 47 0
-15°0
X - pUNOR 23N -49°0
angep paYyIadxyg - f 40
48°0
punog 2addn — fo0
/ AN o

~
o £ o * i
R
~ SEY.
».-10&&“%
AL
* 7 g
WAL
b
¥
]
}
t
!
|
]
D
. o
R R
* gt o B Sy e
S

AP

o
3,
Tk

N T e pA e e T

PoT e P

e

ey




"

SR OIAN:

-3sang jo 3Y3T9H PaTEIS m:.sm\uw 009

‘13 o ‘soouspysey ut a1doag ‘uoraoung dBemeq LarrEIEL 10174 2an314

(ang) oBumy 3
s y 3 4 t 0 i
- ——r———y [4 ]
. © SX7
1o m B, onw.
20 ' Lt g et
~ L e
qe0 yoor nﬁ.ﬂw
<—— punog 1m0 j 1o ,M.ﬂ
s prR Y q¢°0
49°0
angep PA1°AdRY ——
10
80
punog aaddp % L
o'l

ok e s

< anwl




Nl Tusare  LeN it he

P

B A

A TR T AR

>y

‘3sang 30 3YyYIOH poteds m:ax\uu 009
“Id 00T ‘soduopysay uy a1deag ‘uoyidung a8sweq K3IT1BIBL  ZQ1'L 9anB1a

(wy) a3umy
9 S ) £ 4 1 0
Y Y T L 0
\
\ {r0
L}
\ {z0
l 3
] 1€°0
| z
1 4y 0 &=
\ -
{ q4s'0 ¢
antep i S
pa3oadxy ——» ] 19°0 o
lo pey 1y
\ tony JLT0 =
i34
1 dg0 <
' \
punog u.oau: — \ 160
!
01
i .

N S

ey S

o alie gk LR i et

g
Vhod S o

ikt 0N

ER TR TR

7-109

e

LR

e dat

pd,

T R SO N

B e Tl T

e




APt

7.2.5 Injury Damage Functions, People in Basement

s 10

o,
A
.

IRd

7-110

;L e

orh RO

3 "w}t -n.-' Y
. soigXd -.‘wv
T4 n% fk‘ ‘:“" y :f.") '&5’ ’ ® :

g '@...A seliad - m:?ﬁm i bzt eyt »

e R e I L e A s Bt e o I Tt o
- -t iy S

Y TG




Bt Lia s TN TR N BERR oo ekt c0 o RN

- R R .

. .\. ‘3Isang adezang
X 10 S3uswaseqg uy 97doag ‘uorloung a8zurg Au:?& .moﬂ.n wuawwm

(@1) a8uey .
Z°1 0°1 8'0 9°'0 %0
L { 1

T T Y

-
’_.
~N

“
FEN)
.

p
- O
(=]

.

\ 410 gL
! 4,. Cpatl
i 0 .&V
’ 9 » Tenbt.
- { 4c0 M ‘. MM%W <
! g o RRCS
) I 4%0 & 0 M iss b
| = "~ Al
b oo & o b
. < . fefaydshle
antey P9@20adxy 2 1 .w. Rl m
PUnog zamoq > 1 1?0 7 1
ot )
uoTleypey Ieatony ——fp umm,zu 400 m |
by 34 ~
¥ s
punog xoddg —e |
H P2

0T

e o TR

S e p e e L Rasaaiaion, Lhonint it oy v




rasang aowvjyang
‘IN £°0 ‘sauswaseg ur aydoed ‘uorjoungy aBeweq Lanlul

- (my) a8uey
! 1 1 01 8°0 9°0 _ 70 Z°0 o]
f ¥ ) 1 T ¥ [¢]
b, 410
1
' w //
# \ =420
\
-~ \ q¢0
2 unog i | \
| p d 207 \ . »0
antep po199dxg ——t \ .
\aseqayy S0
; punog xaddp —»- \¥
. \ B PN
uoTITIPEY SwaIONY > 1
. \ 400
- \ .
. \ 18°¢
. \
) -16°0
‘ -1
‘.. K
. ¥ Fesm - -

*90Y 'L 2andtg

Aanful o £31719BqOag

7-112

i
x
%
#
A

|

f
i
i
m

v
[T

FRRRRN 5 TP Ay
5 gy




,.4.:.,,&‘).‘...... o ’ PR — . - % 5

i i IS “ i VR, Rk < At Loch gy o) D o > i) Py "y St O

1 2Ty [ P [R5 aa ey st 10 4 4 B
.

B e . TR e . O . s

*asang aoejang
‘I 1 “s3jusweseg uy aydoag ‘uoyjoung a8eueq Lanfui -¢o1‘/ 2an813

(mq) aSuey
B v'1 1 0°'1 80 9'0 %'0 z°0 0

¥ L T Y T
N . T 0

\ 4¢0

7-113

i \ 4v0

e
-

L
La}
©

Lanfuy jo 4{3atrriqeqoay
oo
SR
A
RSB

)

\
\
\

<
! anyep pazoadxg [ ISPV T 9°0 : xw,v
punog 19M07] / <1L°0 “
wo \ 420
TI8TpYy Iea(ony \
s punog xaddfy_, / 460
\
0'1
3
) [P T T ' ;-
1
- |
o e " O e e T o TR 1 O T T g e
' ) S [X e :
. . . s . . -~



4 Y O oo ekl iy et ’ XTI o ;
T SR A e i s dor s .\,a.u\,.‘l,\.. et i
. . *3sang aor;ang
I¥ € ‘s3juswoseg ujp a1doag ‘uorzoung a3emeq Lanfuy 901’/ Pan3id
(uy) aBuey
0L 81 91 %1 z'1 01 80 9°0 90 z'c 0
T T / T J— 1 T v 0
o, Jro
; ~
LI
k — -47°0
1 \ \ v
T P o qc0 &
. ] |\ & 2
\ \ 170 & 7
i \ vy & =
R \ |e——~ punog zamo] 570 °
\ \ 1970 o
\ \ P
anTep pa3ldadxiz \ 1 4.'0 §
\ \ o
\«—15B1qITY +8:0
Ky
punog aaddn ——» \ 460
\
> .
1
i
”
g
. Wt
k } . i el e ,.”,w
. L B T TV o e e oot s <ttt oot et g0t




AR Dows i

tasang aodejang

‘Id 01 ‘s3uswaseqg uy atdoad ‘uorioung afvuweq Lanfuy 07/ 2and1g
(at) a3uey
kgt 24 02 8.1 91 vl Tt 01 80 90 %0 o 0
r T ™ T T r T 0
qu-o
420
i’} Rl M ~c 0
4%°0
punog 1am07 ds-0
1970
angrp 4/,
PAIIVING // [
\ Js 0
punog arddp ~» \
//Al! RALARER L) 46°2
Y
/I
et
S ey : " v e ey e e
PR i ) H .. - &

Afuy 30 A331742Q034

7-115

T
a

15

T
SR
1

-'Sl e
i&-ﬁa}
PRp—_

" (h
h " .m.vm w
....P. NS 1
Y u,u.m A
. ?M.‘w.
\.ﬁ...;»* 7
ﬂwﬂ il
o REp
RO L
“H
_‘
4
[}
i
[}
'R L
. -
A 1?“ N




LA s A g

rasang aoeyang
‘IM 0¢ ‘siuswsseqg uy aydoaq ‘uoraoung adrweq Lanfuy

LSS R AR s o A o £

"8071 ", @an31g

i
(=) 23uey '
L tg 0% g1 9°1 y1 1 01 80 90 v 0 79 0
v T . .
T T 0
)
. 3 b
4~ o 1,w b w\Ms,& .w
punog - Syt N o
- [} Ty
. I At
1ol “ o douid o
<+ Py NN 4 . :«w.\, )
dy-0 L Ly \wﬁn i
% ” )Yl
402 RRETS ¥
8 N E
490"
angrl privadxy —e ‘;.c.m b 3xs
punng 1addp —» ot h ]
Ja-o g
f
S
{60 !
NW— )SPIQITY §
— 01 Ol
i ‘
ah
>
%
o
B SIS - |
v !
3
A
§
. s e T

T T e B e AT g T ok

- a .
e § - v =
RE . - -




Rl T arwen

Blildosaion o i
’ Kalpipi i i o N
Secme o e

. '38ang a5pqa,
Uor3ouny aGvueg humncw

(wy) 33uey
S q

L4 007 .wucwswmmm uy o1doay

6017y dangyy

o1 6 8 L

9

1

1]

1
oy o~
© o o o

i
w0
o

U1 3° £a111qequag
7-117

i
~
©
Lang
v

— -——-..-I..-—-—.-——-—
- ——
2
]
o
3
o«
o

-

T g

L

G e ,

R R gy o Do e o n : . , .

. g HRE " ——— . . . A .

N ' ' v i 2 NI X - 4

e . p ax < L " ; S,

S . 0y T AT, N a1 b

‘l - . R - . I A bl 5o I
’ . ’ A T .,



et

20

T

g xﬁéwﬂ,ﬁmﬁzﬂ_

T S A Ry WS é.ﬂ.:ﬁm_.d\d»d&ﬁﬁ%ﬁﬂ.ﬁc«,. .hv,,.:,vﬁﬂ.«fﬂ(,. ﬁ\_
LS

(38ANG 3o yBray poqeog /114733 ooz

Id 10 .mu:mEommm U¥ aydoag .:Oﬂuucnm sdeutrg Lanfuy 01T ¢ 2an3y g

(1) a3upy
1 1 [ ¢ 80 9°0 2°0 0 [
f T T 14 T T X 4]
\
. 1 410
{
| 120
i 5
1 1e0 g ©
i 8 o
aseyql 1v°0 = ~
STy oy
w 450 2
punog xamor § o
I 9o ™
ANTEA Pa32adyy mtop 1 rm‘
punog aaddp — “ 1é0 m
uorzeyIpey ALDONY —tp “ 18°0
I H60
\
, et pq




Rt iy e AT TR T T NIRRT A T R AT T T e TR R e S T T N R VR e LS P R N AP M O R 0 ¢ A8 mgu«ﬂmﬂﬂuqmm&m“ﬂﬂ. ks
< §

s g ot g sty o PNV G L

*3sang jo aydysy poieds m:u.x\uu 007 X -

"IN £°0 ‘saudweseg ul aijdosd ‘uojidung sleweq Lxafuy Y11 L 8andig

(uyq) a38uey ‘
%1 21 01 8°0 9°0
L4 L4 ¥ T T
/ “u
3 / de¢ & a
‘ \ 5 A
\ { sserqary 7 0 = " .
/ 450 %
: punog oMo’y —— 490 ..,.... v
)
- LN
aniep poiododxy / 410§
puncg aoddg —-w \ =
ThrjeipeRy ABITONYN - \




B ’ e
Yk A2 TR S iy
(S

*asang 3o ay8yay paieds J1iN/33 002
“1¥ 1 ‘saudwoseg uf oidoed ‘uoriosunyg u.mE«d Lanfuy “zy1° L @an81g

(my) aBuey
g0 90 %0

T

\
\

punog aamnon

antep po3dadxy

a1|um3nu«<
\

punog 1addn —»
UOTIBIPEY JEBDIONN —

Aanfur jo £3111QPGOag

Z . l\l
R P e by s
- ¢ 4 B ¥




o TRl AR L i il 2 A IR SR S USRI b £ S A AR A bagtla sl et

FEMETIMD v 3 uvvs o am

"3sang 3o 3y3yaH pateds m\H.S_\uu 00¢
‘1IN € “sjuowdseg uy aydoad ‘uoy3dung oBeweq Lanfuy -giy-/ 2andrg
(wy) aSuey
1 0°1 8°'0 9°0 %0 o 0
L)

Y

0'2 21

/
«-\— punog xomo7] 1

\

\ Lo

\w— 15U 7QqaTY -18°0

punog aaddp = // 4670
) N
S 01
— . - —rte - -
I R z ;,-,I.ﬂ‘,,li.ﬂv v .na-«izM;. S AV PPN PRSIl W & ., ,\. o il g b TRARNA

. - . - ] . ) . °

Lanfuy jo £iyiiqeqoxd




'38Ing 3o IyIYeH patwds . 13/33 002
‘I¥ 01 ‘sjuswaseg uy 57doag ‘uorasuny sSwweg Lanfug ‘9117, 2an8yg

(o) a3uwy
23 {2 4 02 81 91 91 MR 01 80 90 %0 70 0

qL 0 v
qve o

pey any q%°0 “

punog xaddpy —e
o —— punog \_J::.—

480

\
N @ NP LU 46°0

s

0’1

e s e o s e ————— -

v Wi
e et S &

..e!n.il s
TN Ao

*

7-122




T Y v YT S O TN HE LR b T LA,

T TR TR T T VAN R RARRIEAIIAL A I T ach brover ks s

- . e i iiata s N - .

.

*3sang 3o 3y3tay paeos m\.ﬁhv_\um 002 .

‘L 0f “s3auswaseqg uy aydoag “uot3zoung adewrq Linfuyr 611, @anfyg 1
N v
I
Ly g
{w)) aJuey v
: [ 1] [1 2 1 [4
g r T T 4 L4 T T T T Y 4 Al T 0 ;
Tuvo Mu !
42°0 - b
nd 1 K {
' “ ~ ¢ )
60 & . ) |
.5 ),
*—-  punog 19mo] 1o0 mm L ..fm m
i » ¥ 1A
s0 4 peak
pry ony 1 - R Y |
LY A <
MEPA PIVAART —e 100 5 .
o
oo § ,
punog 1addp —e g0
. 46 o
X W aserany
01
E
I O
ERE
M g
. - - s o s ' -
B v h
4 1
A
3 B T T S s @ -
B s e s T R . o

“e




N . e .y e A .
P " 0 sty " e o " " " Y . oy v 2 o
T O TR e o (i Sidly sy e g Gl i e L BV K 1 R {x AR e o i . Yy et NN s o
& i * o b \n:.-. R Sfaniagy %
A g, . N
. - i
! P
. T
¥
s i
: i
S

1
b

| *asang jo 3y3yay pateds m\akx\uu lvra v
3 ‘IM 00T ‘sauawaseg uy aydoag ‘uwoyzoung sdrvweq Lanfur "¢r1 ¢ 2andig
(uy) aB8uey
¢ 01 6 8 L 9 [ Y ¢ 4 1 Q

] ¥ T

x

e
\
ha

. "‘Zg}&
=Y,

1

~t

- 0

o

.

=
?ﬁ%&?

: z'o AL
* ol i 3 - ,Lw
4¢0 b O Y.
eIl
anfep -4 & RTE
Po329dXT ——t R PP = in . P 1
puncy 170 Z T el
ap— 13407 <P < PR
) { e 3
{ ” 19°0 =
unog aodd _\me IRal N U~
; ] < i

2SPIQIATY — | 80

—46°0

PR R

T e mensny " < -4

Ly ooy r e : I e T T R TR N R R AR fugna s s AT B b e Y B




et 8 SO PN NN S

Sy P A ot A o e

-

ettt

Lo e o

E {5 Skl o v e S O i AT A O A R i A PSS v A o8 G il B L )
g o - It e s i o+ v e - .
>
B '3sang yo 1y31oy poyeds m\ﬂhx\uu 009
g ‘AN 1'0 “sausweseg uyr ordoag 'uotisung slrueq Sxalug
7 () 33uey
71 [ 01 80 20 %0 20 0
1 F T T L A\l LY T [4]
~
<1°0
, / 4z0
/ dc0
/ 4v°0
—ummgauu¢
<0
] punog aamoq > i
antep pai1oodxy —wi-m ] N S
punog xsddf} ——p | 4L°0
UOTIPTPEY IBBTONN ~—tpr _—
\ ~48°Q
/ 36°0
\
01
i ke

“LiX"¢ 3an31g

Lxnfuy 3o L3ry1qeqoxg

7-125

7

.




-l ubve LR BoC L Dbt i W TRRTRr T TR T

PERAT ST

.,1 .!~ " .
7 <.
-asang jo y3yoy pateds nxﬂhx\uu 009
‘i ¢°0 ‘sjusmaseg ur 91dvad ‘uoravung dteueq Aanfuy - g@11°L 3anf1y
(m1) =3uey
71 z'1 2°1 8°0 9°'0 7°0 z°0 ¢
r L4 T T LA ¥ Q
410
\
3 \ qz0
b / s
e . O
€0 [
} £ 3
a— 490 A o
-
-
: punog <sMOT - —_Al.ummasuzln.o g
. aniep poadadxy —_ 490 m
A . punog zoddp -~ —a 4.0 m
"
| COTIEIPRY IBITONN / lso &
/ 46°0
! \
Samane o PR PR o.ﬂ
th
S T .:ﬁ...mi.h_ i 3
. — o —~ =
e M ey L ST




R R R T ) U I N A A e S b i e T U e et

[PV o ol 1 2

}
}
S m .
- "asang 3o YBIAH PATRIS . IN/IF 009 m :
“IN 1 ‘sjuswoseg uy o1doad ‘uorasung a3evuweq Launfuyr ‘i1t 2andiy i M
(ux) a3uwy
~ %1 0 %0 7°0 0 ;
T 12 0 .
Jah
. ~ .
. 410 Jues
420 m«» ;
* 2 B
. 4e- < 5 47
4 pey ‘OnN €0 & o N
: . o 1_. ] 41\.. ¥
“ 490 5 0 ol
-3 «\— punog Jamon v ...m&..mm
; % -46°0 < . »‘;
9. 4 : . JAW&‘..‘M.&
’ anfes paioadxg \ 4970 m n,,.t,wm
~
Ve aseraaty . 2 ¥
punog x9ddp ———t i 44°0 € —
\ ¥
/ 489 i
\ 450
. \
/'l
0°1
;
.
. B i A -
R N S e




“gy £ ‘sauswaseg uy aijdoag ‘uoyzvung ageweq Sanfuy

‘asang jo 3Iy319H pateds m:.ﬁ\uu 009
‘0z1°L @an81a :

. i ‘
) Q)
N . P
bR
! ‘s\a
- M () #Bu~y L.\.M
. ’ L4 2207 81 1°1 v 0 z0 ) ,
r ¥ v T T T v 0 L
+ " N
et
410 ” o
R « .
k qz'0 iy
- 7 ~ 4
1eo s J‘J
»
b po10adxy —e 0 < ~
¥ punog IomMo%| qvo ol { Al
fod
LS nn 450 2
) N
- punog 1addp —* 4190 —
S
-3 Yo g
N S IRPIQATY 48°0
N 46°C
. S
. o1
~ f
" \
<
ke e e a——— LA MY
PRV
. ) ¥ .
" Yo, * .
VIR W
A SRS ARSI gt




A * N . )
o B A e L T <
..w
"asang 3o 3y3iay paieds m\H..,:\uu 009
‘IN O ‘s3auoweseqg u, a1do3zg ‘uor3zoung eBeweq Lanfuy -[z1 ¢ 2an¥1g
1 (uy) afuey
‘ < ki € 14 1 0
T T ¥ T T T T Y [ T =T ]
\}
quo
K 42°0
: ! ¥
1 e g
—_‘I punog om0l lty'g mw.
__ fso &
onjup 1 3
Poadaday - e \ Ly ony {90 ..
3
__ fe0 &
punog a3ddp  —» \ ~
1 80
\]
46 ©
W Iseiqay
+ 01




ANEE LA AR AT » i s pAR An ettt g D S el SR K s B ke e s - \.. D0k gt R
o . (N
" o
£
'3sang jo 3y31ay payeds n:u.v_\uu 099
. “IN 0 “sauswasrg uyl sydoag ‘uorioung ofewmeq Axafur zz1°/L 2andyg
{ung) 9Fuwy
k4 1
. T Y T T -— T T T T T O ]
\
\ Tvo
1 20 =
runog _ \ -
INTPA PO103dNG Aan07 - o W ~./
1 4
H 490 &
H =
punog 13ddy e IECIQI3Y - 1 0 &
\ vy o
. - pry Oy 190 H
- 1 IS4
- 1 q1¢°0 €
_ <
1 1870
N \ Lo.o
) (12 §

4
Loy

— - \d

o om o e e e co——— S -
3 " e S S T S 2 BT R T A G .
. I . . ® .
- P . . .
.. o . - R )




‘3sang 3o 3y3joH payeos n\akz\uw 009

‘1M 001 ‘s3usweseg ul a1doag ‘ucyiduny ofeweq Lanfuy g7y cL 2an8ya

(wy) d3uey

[1]6 5 8 L 9 S ki € 4 1

T

punog
om0 —

aniep po3dadxzy —e

punog zaddn —w

1se1qaTYy —~W

\
\
i
|
]
]
!
I
$
__
—l‘.
|
i
i
|
\
\
\
%

L ¥

pey
-ong

|

110

1¢°0

h et o

. . .
. K .« .

ad

11 3o A31119840

Kanf

7-131

At
54,
TREL.

i
%




T S R T S TR LTS YN 3 T o BT T #4 ST F g 075 3 v s

]
Y]
s
[
g
o
]
<
=0
]
-
@
—
04
o
o
Y
]
=
(]
el
L
5
23]
[
o4
']
&
5
a
>
i)
ol
-
[
-
]
2N

7.2.6




i P LG

LORCASA R LA & Lt ol
A .

T T AT R CA AT TR AT T RN A TN Thy e I I

y N I g TN )
] +
.
‘3sang aowjang 3
‘Id 1°0 “saudwoseqg uyr a1doad ‘uoyioung alvueq A3TiEIRL 421U aang1g ,
(1) a3uey
1 %1 2°1 [ 80 9°0 %70 2'0 0 ,m
¥ A AS T T ' g X 0 %
\ . | 3
v 3
’ 3
a 420 - ¢ 1
! e .
I A - - L
i N mw. m . ,.lm
[ LA 0 e | 3
punog 23mo7q > ! a e m
aniey poidodxy ——i § 450 e et
punog xoddp > { ™ o P
1 190 P P -
| g :
ASTIQLIV ’ >4 4470 oy A,_.
1 . < #
] uoIIBIPLY ILITONN _. 180 !
. \ 1670 i
! w
! 01 i
' %
4
: * '

Ve ra SNSRI ).



« RGRNE
Pre

i @A Sl Y P i T ke N A S g T T e Ry 11 Lo U s )
" - ! THWRET NARRNTLRR D e T VR E TR TAR R 3K R A S—
TPV LTI TR IR T

h ROl il st e i St B
“ 4

e o s s B % ot AR

‘1sang 9dejang
] ‘AN €°0 ‘saudwaseg uy ardoayg ‘uoradung oBwweq A3jre2e4

*gz1°L 2andyyg
(uy) 23uey

; vzl 61 80 90 9°0 z°0 0
. : .

f Y Y

punoy amoq

——w—-"‘——_
i S |

3 ™

o <
11qeq034
i3

aniep padadxy

1

cr ~ - -
punog 1aoddy —p —, deo M
R — o
288 IQATY \ 9°0 mu
! s
) [ARY) Y
' uo112Ipey ALITOnN \ &
{ 8'0 '
\
6°Q
01
Mo e S e sy s T T T T e o R .. N

ey s ooy v
4 e vopas -
e R o X0 ey A I T R X ) i - 4



I K PR T ARSI b (haidkic s atie R B Lo e v 24 Ea iy G AL IR
o AR PR
cagang oopITNg
‘1 1 ‘sauowoseg uy d1doag ‘uorisung oBvweq Aayreied ‘9Z1°L 2an31y
(u]) 23uwy
71 [ 0°1 8'0 9°0 Z 0 0
[ 4 Y T T Y Y 0 “
ot
410 nkuhw
. 412’ sl
' \ o ) ﬁ,,.s,.u
\ 3t°0 W n '
4 \ g =
1 / 4%°0 [ ~
[
\ 450 <
\ 181 q 2
{21V {90 vy
punog Jamo7 { 4
\ 4L°0 [
anies poInadxy { o
. ~
punog 2addp —% \ 8’0 h
\
‘ uolteIpey awaony \ 460
- .z/
0'1
B T P PO Ve s b et o s e, fost s iy
.8 .. o ° e i - " B N N ) . . - .A ,\...




Laa ainy

casang aow¥3iIng R
‘I € ‘sausudseg uy oydoad ‘uoyivung eReweq L3rieaed Lz g eandyd g
(my) a3uey ,....
H ., X
71 21 0°1 8 0 9°0 20 z°0 [ H ¥
, f T 4 Y ' g 0 ”
t
410 }
{
120 g ;
4 3 ,
4¢-0 e .
] A o
\ 4470 o o
punog JIamo \ =3 .
,. 460 °
" 1} ()]
; ante 23c2dx
§ 18A P 3 / 450 m
2addfy ~——p!
punog xaddn \e-aserqay Jz°0 =
uOeIIVIPEY IVDTODN ~— \ oy
\ dq- <
W \ 8'0
; // q6°0 :
L // ,
1] 01 ;
ﬂ !
i
, j
4
‘:.,. PP R 7 48 A YV O S . T Wt - oy - e b e - e . . . PG A e PR
ST AT AR g 20 ety by G O e

v




‘...*.n..c.,“.:; G vod,

*1sang aoegang )
‘1M 01 ‘sauswaseg uy aydoag ‘uoridung as¥vuweq Lyyieied 1L aand1y

tmq) aury
z1

A.‘P
kv 6

-

.
Jes

*

pHLOQ  1IAG |

e

-

punog aaddy e

VITIETRE IO ATTITIANGOR3
5,
&Kool

T T A bR 4

T

% o D R R Y T
ppeer et P PO ol -




3sang aovjang
“IM 0f ‘sauswaseg uy oydoad ‘unojiouny afemeq L11yeied 61 L dAngyyg

(mn) 22uey
1 1

T

-~  punng om0

T pr1vrdxg —
ra ¥ 1 — MOOIPIPPY Wy
punog 2addp ~—e

~ Wriquv

B R e RSP

>
AL

D A




oni ot B GRS

*3s8ang adejang
‘1IN 001 ‘saudwoseqg ut ajdoag ‘uoyaoung odeweq Lazieaed

0€1 ( 2an314

(=) aRuey

\
\
\

fe— uoniepey seagony
\

angep prIvndxg —~o

prinog anddp —e 1SP QALY — &

punog 1amo |

|
\
!
\
| e
\
\

oA AL g e TR ST | ST

ot




. o
TR )
,.f\..?\?

‘3sang 30 IYZ1aH Po1EdS Ia/33 00T
8! . c¢ aandty
“3% 1°0 ‘saudwaeseqg Ul ajdoad ‘uorisunid a3eweq K3xielvd 1€1°¢L &

(1) 33uey

g0 9°0
Al L

punog 19M07 —

anye) poidadxy

2$e1qAIY -

£atieseg 30 KIT71(QEQOXd

uogaeIpUY 28a1o0YH

punog z1addp —*

04 amgyyr ey

rrvr v i Lo da




” 2 "4
ey chigoicar SN KOs Gk v e B S U b i et B L8 ol L e it o Bt o
e ST

Fioa e 9§w§‘_§s§&.dﬂ

I49 R et e s VIR P TR IIRNUN A  mANUT W RAh b w e omreeatn W VT ate v

* w
1
1 m \
s *3song 30 3Iydy3y paieds m:.sium 002 i .
o.. ‘1M €0 ‘saucwasey vy afdoad ‘uoyaosuny ~Jeweq L3yrEYRd  ZC1 <L 9indig .
(o) 23uey
%1 z'1 0°71 80 9°C "0 z°0 0 .
f T T ™ ™= Y T 0
~
1 / .
\ 410
\ 1seiq .
/AILE 120 =z
)
AR I 3
\ dvo  E 0
\ ] -
<
- B \ 460
) punog¢ 1amo] — i b4
~f 1 490 &
ante, paidadxy — ] a
\ 4470 o
punog 3ddp - \ .m
uot3eIpRY IBITONN — _—
\
\

R e e e
g Ao

a8 g g ovark e ¢ iR
v g T S s -



() aBuey

9 1 T 01 B0 9 0
it St

1eang jo yduay payrog

12

1M 1 ‘sauswasvg u¢ aydoual ‘unridunyg Beneq

/1

<

. punoy a9 0|
e anjep poidadxq

punog aaddp —

o] uollerpey aeei0y —

-

< 1519

-1y

1

/33 oo
Magveey

—
<
(=3

~
(=]

70

9°0
A
8’0

[4% REACRUTAR |

GEqO~g

Aatyeaeg 3. AlYs




‘isang Jo IY3LoH pI(eds I1/33 002

€/1
IY ¢ ‘sausawaseg uy afdoag ‘uorzounyg o3evuweq Laijeavd g1 £ I3ndrg
(m}) a%uey
71 [ [ 80 9°0 %0 270 0
v T T [4]
4170
AN
\ 1270 s
\ 1. &
1 uotieipey €0 o o]
\ aearony A =2
\ 170 - :
\ Z "
0 <
punog xomo7 A 1670 o
’ rn
\ 1970 o
snyep paidadxi \ g
P \ 410 =
\ 2
punog xaddf —» //Aluvmanu..ne. de0
AN {60
S
0°1
e s e - -4
e i e et b e Ll il 32 2 i b e R e 2 e i i S T




[ aaid

4 *asang Jo ydysy payeos m\q.ﬁx\uu 002
“Id 01 ‘sauswaseq ut a1doag ‘uvrisung afeweq A3yTEavg  ‘¢E1°L dandig

- ¢
$ i
L]
’ N (=) wluwy
“ "% 2'2 4 8:1 9°% el § 71 0 30 70 70 z0 0
! v M I T T T 0
e 3
. -
'
uojrvypry 420 v r~
ara1any q
: fo ot
punDg 13m0 | F-
._4 0 5
dst0 o
"™
4970 &
\<— qerrqny a
puncyg aaddp —p \ ‘- -
. \ o i
: \ deo
//
: N 160
/,
0ot
r
s
)
. ) . . - mr—
Y,
L
- - o

K R ton it M g oy etyiten St P 8 2 PN o s 2 ¢ . s
A o S o actry Lo et o Al b e 2 LRI W
- . g d . i f
~ . I - e § . ' -
E & - - v
N ‘o . . _ .




‘a3sang Jo 3Yy3yeH pateds m:.ﬁx\uu 00¢
‘1M 0¢ ‘sauawaseqg uy a1dodg “uoridung IFeweq L3yrEaey

(wr) alumy

‘9g1°L 2an3yg

AUTEY
PP IdadR )~

FEY 2 T
=13Y -

punog aaddp - -

uoyirypoy
wapny

punog
1m0y

7-145

- e —— = -
e 5 "y s pathe vk we B e e ne T
Lt PPN PG L D 32T - ¥
Daskropop e ot £

M

{,

ol NN
By

x 2

A

3 2 LN

i TS



‘ssang yo 3y31eH pateds m\aax\uu 00¢
‘I¥ 001 ‘sauswaseg uy ajdosg ‘uoyadung oa8sweq A3rfeired

(my) afury

anpep pr1adsy e

ISP QIIY —
punog aaddp —e'

"LET"L PanBrg

hate
P

g

Sl

>

!

av

HRAA

%

ant
2
n

-
5

7-146
»
AR

P e e

o {13713q¥q024

-—

Aszrezeg

P R eTNLT A

NS




‘isang 3o y8roy pateog

¢/1%/23 009

¥ 10 “saus .
uaseq uy a1doag uor3ouny a3euirg xu:wumh
(@4) 33upy
.l..~, N..~ o...m 8'0 9°0 20 0 0
L g L 3
\ [¢]
A
\ 0
\
\ 120
1
{ J¢€0
1
_ I o\.o
!
Iserquyy —*= S0
punoyg zamoq - | ! g°g
1 He
aniep paz !
A P31dadxg { L0
runog zaddp ww—p " 180
Uoreypey B30y ] —— 6°0
\
0'1

8€1°¢ @an3yy

43111qeq02g

384 Jo

1

AdT

~
-3
-t
)
~
By
K
¥
A
\
»
&
%
S
j&
I’l“lv‘f!" v.bd
.l A !
R R S
U e Boug
S




*asang 3o 3y3713H paTEOS m\apx\um 009

(my) a8uey

“IN €'0 ‘sauswoseg uy ardoag ‘uoylosung adeweq@ Layieaeg

o i fion Y i ¥

e £y AT s T
o " T £

8°0 3'0
¥ Al

punog Iam077

onep paioadxy —

punog zaddf -

uoIIeIpEY ILRITONN —

10

0

€0
%0

9°0
Lo
8°0

6'0

orgren P e oy

e -t

*6€1° L @anB1d

L LT

=

7-148

Al A LRk . e ST

£31teaeg Jo A3riiqeqoayg

o

5N R

rp P v 2 e N



Ll ed O ELLALAg Dt A S inded

‘asang 3o Y319y peiuds m\.nkv_\uw 009

‘1N 1 “sausweseg ujy a1dosg ‘uoridung afeweq L3rreley Qn1L 2an3T4 - *
() a8uwy
71 T'1 0°1 80 9°0 %0 2°0 0
f T Y T T Y 1] P
~ S
. 41°0 Mm.. 4
, {20 ol
m \ w_ :.«..mmu..w
w / H4¢0 W‘ w ua.x“wﬁ«ww
4 - r g TS
4 \ . oY ' K R
; \ 470 oy ~ Ry
: w — . HAn . Mo-. “r
¥ 4 -15°0 m. |.»h_ .W«. A
punog 1amoq > \ . - .ﬁmm:m
. . u \ 19°0 & » ..etxwm.
°nIEA PR3IRAE —1+ /Al asetazry 420 B c
punog laddp — \ g ;
uoraeIpEY 1BITONN 180




L 14

oot

— i, )
- o —— . A

u. H
*3sang Jo IYBTSH PITEIS o, IN/23F 009 . .
‘I¥ € “sjuswaseg ur ajdodad ‘uorzdung a8eweg 43TTE3Rd  IVI°L 2and1g N
(uny) a8uey K
B!
91 T°1 01 8°0 90 %0 Nmo 0 o wmw 4
L L] A K.
~.“lv.wr.‘ '
410 . Bik:
gz
dz:0 :.,.e.).ﬂm
o 1% &5k
] a1
2 o ‘5 @; 5 N,
d¢0 e 2 Tieida by
punog 12m07] c e f.m&.w y.
. A K L .
4%'0 o ! w.
o o
. <
uoyaeypey xed1onN -15°0 o
~”m
-19°0 o
anTep paadadxy &
punog aaddn 440 o
(34
480 ¢
\
/4.. Ise1aaty 460
~
.
= 0°1
H et e cmarey patcrery v)zrﬂ.‘,c“ ...Mﬁ.y.“.- = .vw.vﬂ,iz\uy .;Hm.. RN ,, e .|.” ”.x.»,i.‘ - v.: H.ll». Ay Vel 2 e L pria i 220N 0



SR [ atall hlis RS > i LR e S RO (S LKA dea e TR RTIR DTk TP NI AT 10
e e AN ¢
L e TR -
‘3sang 3o Y313y paieds n:.ax\\.u 009
‘I 01 ‘Saudwdseqg ut a1doag ‘uoyrioung a3ewed Largeaed gyl L 2an8ig
/
N
() adumy
e 2 02 81 91 v 1 1 01 g 0 o.o .\.o ~<o oo
I
RAN -
vy
2o 0
[ B
bl
co g
i
470 -
.
"
NOTIP PPy avapay -A$°0 %
"
-19°0 w
puroq 1addn —e -« —  pUNOG IIMO ] 410 W“u
o
dro -
16 0
ST ST DY
0t
R 2 1))
— - T —— - - — e
T e e A A " " - BTy e preavie iyt ) ,rs;\«,..‘!t).\,.:u.a, T e T Ny AT ....4«? - ~ ap Clun 2 oy R aR 2 IRV o 1?.

5:'-_. S
s

..:},‘
WAl

:
2
AR3Y

Fe
Cheessa

5

Rca 1]




. N A i P ARG o TI fa ik Lot R W a.}f»ﬂ.,.,f..a\f.

¥
, "3sang 3o 3y3TaH paIvds m\ﬂax\uu 009
! ‘¥ 0f “saudswaseg uy aydoag ‘uorzoung afeweq £37ie3ed Ey( L °Inyg
r
w. ”
! i3t
t 3
. ‘.m.x“&
_ qwmw
, et
: () oSuey 4\?
(1 4 € 14 1 0 , 342
r T ¥ T T Y T T T T T T 0 ¥ hu....u«
nh
: \ s
\ juo ~ Faprie o
: \ . n ._m.,
. {e- uopiEIpTy 120 w - "
. ECET RO ° ~ oy
1o £ Sl
: 4 A
. ., & ]
H -~ '0 Z &2
anyep g — M o
paydadyq —e danoq S0 o w . .ﬂ ¢
: 490
‘ "
‘ »
, punog aaddy —* 420 =
i ]
180
4670
' 0t
! v
i 5
T
' 2
{ ”
ki
¢ . " -
¢ .
: . B N
oo o e - ) me T - . ™",
s = . P O e ST e it SR e ey A R o S T e i o




*3sang jo ay31aH pafeds m\ahx\uu 009
‘I 00T ‘sauswoseg ur a7doag “uoraoung sdeweq K3yrreied wH1-L 2andTyg

(o) a8uey
71 2°1 01 8°0 9°0 %70 2’0 0
L§ T 0
o0
, z°0 ]
[a]
&
€0 0
T
0 o
ot
-
§$°0 o
"
9'0 o
Y
punog xaddf — . o
t'o =
i34
<
8°0
6°0
0°'1

7-153

Xk

&3
3‘ g
‘éz»«»-if’f:
LA 0

-
"ﬁ
b

-
3
nd

&y

Y
.
5

i
o

e TR, L 2 v
Rea TRA L AT

3
e

3

~%




—— -

tA

I

S

,
W

3

~

2

~e” R
RN A

DISTRIBUTION L1ST
-

OEPARTMENI OF DEFENSE

AFSOUTH
ATTH .S Dncuments Officer

Armed Forces Radiobrology Research Institute
Defense Nuclear Agency
National Naval Medical {enter

3 ¢y ATIN.  Director

Armeg Forces Staff College
ATIN  Reference & Technical Services Branch

Assistant Secretary of Defense
International Security Affarrs
ATIN  Policy Plans & NST Affarrs
ATTH®  European & NATO Affairs

Assistant Secretary of Defense

Progras Anaiysis & Evalustion
ATIN  Strateqic Programs
ATTN' Regional Prograas

Assistant to the Secretary of Defense
Atomic Energy
ATTH. Executive Acsistant

Command & Control Technical Center
Department of Defense
ATIN® Strategic Cperations Division
ATIN:  Military Studies & Analysis Division

U.5. Europesn Cormand
ATTH

ATIN EC J2-T
ATIN  J-5

lorrander In Chaef, Atlantic
ATTR: J-5
ATIN g-3

Conmanger In Chief, Pacifrc
AT, J-5
ATTR: -3

Defanse Advanced Rscn Pro). Ager y
AT'R  TIO

Defense Docurentation fenter

12 ¢y ATIN: DD

Defense Intelligence Agency
ATIN  0B-4

ATIN DB-1
ATIX 0T
ATTN: DN
ATTN  RIS-3C
AN DE

T 20

Deputy Under Secvetary of Defense for Policy
ATTN, D. Murphy

Director Net Assesszent
ATIN A Marshall

 ®

DEPARTMENT, OF DEFENSE {Continued)
f1eld Command

Defense huclear Agency

2 cy ATIN® FCPR

Field Command

Cefense Nuclear Agency

Livermore Dwvision
ATIN  FCPRL

Interseryice Nuclear Weapons School
ATIN  TTV

Defense Nuclear Aoency
ATTH NA

ATIN  DDST
ATIR®  RAIN
ATTN  0ASO
ATTN. SIRA
AR STSP
ATTN - STVL
ATIN  STSA
ATIN BA

ATIN  5TSS

4 ¢y ATIN VWS
3 cy ATIN  TITL

Joint Chiefs of Staff
Al

m o J-S
ATTN  SAGA
ATTN J-3

AtIN J-5, Nuclear Division
ATT®  J-3, Strategic Operations Jivisian
ATIN.  J-B. Streiegy Division

Jownt Strat. Tgt Planning Staff
ATTN  JSIPS/JPS
ATTN  JSTPS/JLTH
ATIR  JSTRS/JL
ATTN:  JSTPS/UP

National Defense Untversity
ATIN®  WW(LB-(R

U §. National Military Representative

SHAP

5 cy ATTN 1.5 Jocusents Officer

Los Aletos Branch

Field Command, Defense Nuclear Agencs
ATIN W, Wilhis

Under Secy. of Def. for Rsch, & Engry.
ATIN  Strategic & Space Systems {0S)
ATIN  Tactical Warfare Programs, R. Moore

U.S Mission BATO
ATTN  CEP Officer

NATO Schoo) {SPAPE)
ATIN: LTC Williaason

P

T b e TN
promerecoy - -

TR »““‘q-:‘;q’:-l.l
e
7 '2}:* Y IRAPIEY §2:3~555ﬂ:‘ ok

(Sl e £

R PR L agd




ab sttt

e S

DEPARTHENT. OF THE_ ARYY DEPARTMENT OF_THE NAVY =
Deputy Chief of Staff for Ops & Flans Naval Postgraduate School *
Department of the Amy ATiIN  Code 0142, Librory
ATIN  DAMO-SSN
ATTN  DAMO.SSP Naval Surface Weapons Center P
ATIN  DAMO-RQS ATIN  F31 A
; Deputy Chief of Staff for Rsch Dev. & Acq Naval War Coliege .
Department of the Army ATIN®  Code E-11 9
ATIN  DAMA-CSS-R 3
J Haval Weapons Evaluation Facibity 3
i* Harry Dracond Laboratories ATIN  Techmical Director K

cetsyr a1

o i ssmbian e -

Department of the Amy
ATIN  DELBD-I-TL
ATTN - DELHD-N-P

u S Army Balhistac Research Labs
ATIN  Technical Library

US Amy Comb Arms Cordat Dev  Acty
ATIN  ATCA-CFY

U S Army Corg 8 Gerera) Staff College
AT'N ATSA-TASD

'S Arry Concepts Analysis Agency
ATTN  WICA-RGP

us nrry Eurepe and Seventh Army
™ DCSOF S-AEAGC
ATTN . DOSOPS-REAGE

Office of Naval Resvarch
ATIN  Code 713

0ffice of we Cmel o1 Naval Cperations
" €03

ATIN 0p 981
ATIN - 0P 96

JS Atlantic fleet
Departrent of the “avy
AT N-3

Ne2

L S MNaval Forces. Europe
ATIN  N3262, Nuclear Surety Gfficer

DEPARTVENT OF THE AIP FORCE

C 3 Atr Force School of Aerospace Yedicine
d y'S Ary Forces CoTund ATTV  Radiobrology Division
i AT Ar-gPTS 3
3 Alr force aeanons Laboratory
i
’ Y.S Amy infantry Scheo' ATTN NSB N
R ATT‘d ATSH-CTD ATTN SUL ¢
B
B S Ay Materiel Svs Analysis Achivity Deputy (hint of Staff .
’ ATTN JRASY-S Operations #lans and Readiness
¥ ATTNDRASYADN Departrent of the Air “orce 3
" ATIN  AFFONFY E
U'S Army Yissale R8O Comrand ATTN AFXOORR 9
S ATTV DRSMI-VIR 4
| Deouty Chief of Stutf 3
1 US Ay Nuclear % Cremical Agency Studies and Analysts j
A ATIN  Ladrary ODepartrent of the Avr force 3
3 ATIN PACG 3
- LS y TRADDC Syaters Analvsic Activity b
K A ‘u ATAR-TAL Forelgn .ccnnology Divizion, AFSC 14
: ATTN
[Y US Amy Trawning and Doctrine Cond ATIN SD'
3 RICO-CF ATV 0N 3
BN <3
N S(raleq!t Arr Cormand -
o U S Arry aar (ollege u NRI-STINFO Liorary
> ATTN Lidrary 1t APFS I
g %
¥ £orps Tactical Air (omang 3
- Departrment of the Arey ATTN OCS/Plans ~
3 ATIN 63 ATTY KPS . -
2 Vil Corps Us i forces n Europe d
3 Yepartrent of the Amy wx -~
; ATTS 6-3 g =3
- 1 >
; ! 00t )
LT h
. A | <
N 23
-t Dist-2 R
e 3
" i i k=
N ;_:’ e - - 4
2 A ' 7
Y e X, &
. g o
oF TR o A0 ..::\ =len .
3 A . ™
Y L s, ‘2} ,,;’}&“' "c"«"’*"‘ & ggz 3
N PO Ay e, 'WM;X\»«- RS 3 4

=




L el

T AN Trg

Y
.,

§ DEPARTHMENT OF ENERGY DEPARTMENT OF DEFENSE CONTRACTORS fued) <
H DEPAR] Jf TORS (Contihued E:
i Albuquerque Operations Office Hartin Harietta Aerospace b
. ATIN® Lib. Cust., A. Ortiz ATIN  B. Spivy 4
Oepartment of Energy Pacific-Sierra Research Corp. b
3 ' ATIN: Office of Military Application ATIN: G. Lang ')
DEPARTMENT OF ENENGY_CONTRACTORS R & D Associates B
ATIN: C MacDonald J
Lawrence Livermore Laboratory ATIN: W, Graham, Jr. .
i Unfversity of Calffornis ATIN L. Hanneman 2
‘ ATIN: M. Gustavson ATTN. R. Speed I
g ATIN: D. Blumenthal : o1
P & D Associates
X Los Alamos Scientific Laboratory ATIN ). Thoepson i
ATIN:  Sandova)/Chapin/Best/Dowler ATIN: H, Cooper e
g ' Sandta Laboratories fand Corp. #
: Livermore Laboratory ATIN ). Foster ? .
k ATTR. T. Go.d ATTH D Smallwood 4
Sandia Laboratories Sam Cohen 54
ATiN: 3141 ATIN: Sam Cohen 2
. ATIN 1313, Systews Studies Division B
k Science Applications, Inc. =
3 OTHER GOVERNMENT AGENC® AITN: W, Yengst s
A .\ ATIN: M. Drake E
i ' Central Intelligence Agency ATili: M. Fricke -
b . ATTN:  QSR/SS/D. 0. Linton ATIN: C. Rindfleisct Pk
1 ATIN  D. Groce v hE
B DEPARTMENT OF DEFENSE CONIRACTCRS ATifi: J. Swensor s
ATIN: W. Woolson 5
§ BOM Corp. ATIN: D. Xaul
3 ATIN: J. Bode ATTN: J. Martin
. { - ATTH:  J. Braddock
: ATIN: R. Buchanan Science Applications, Inc.
i i ATIN: C. Wasaff ATIN: ¥ layson
¥ ] Corrander, 66th Kl Group University of Southern California
pi AITH: RDA for G. Eade School of International Relations
- ATiN: RDA for J. Hurlcy ATTN  W. Yan Cleave
i Genery) Electric Company-TENPO SR1 International
Center for Advanced Studies ATIN: J. Nahr
i AT DASIAC
3 Sy Corporation
f } General Research Corp. ATIN® S, Weiss
’ ATIN  Tactical Warfare Operations
- Systea Planning Corp. i
Nistorical Evaluation % fsch, Org. ATIN: J. Douglas
ATIN: 1. Dupuy K
Systems, Scfence & Softiare, Inc. .
Hudson Institute, Inc. ATIN K. Pyastt
. { . ATIN® C. Gray .
3. Systems, Science & Software, Inc. ;
A1 Jaycor Washington Research Center
3 ATIN: K. Sulliven ATIN: . Cane
N Jobn Morse TR Defense & Space Sys. Group
fot AfTN: John Morse ATIR. D. Scally
24 ATTN: P. Dai
o Xaman Sciences Corp.
i ATTR: F. Shelton
4
té tovelace Bicmedicai & Envir~amental
3 Research Institute, Inc.
j ) ATIN: 0. Richmond
P - g{)-
3 »5{, 5 Martin Harletta Corp.
3 it ATTN: J. Donathan
A
£ e
:;:, At
Dist-3

e

Y

ok
i




